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m croprojections in order to provide for transdernal
delivery of an agent into or through the skin. Mre

particularly, the inv% ﬁ@% batesatrgng et hod of
ica

maki ng a percuta
adm nistering a Eﬁgﬁﬁ% y ac ive agen%ﬁ%e g., a
drug or vaccine) into or through the skin using skin

pi ercing mcroprojections which have a drﬁ coati ng of
the agent preci seFIELDLOE{IEE BRESEAINEYEN KN ar eas of

the microprojections. Delivery of the agent is
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bl oodstream of a patient. The transdermal drug flux is

dependent upon the condition of the skin, the size and
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| %ﬂhﬁﬁjﬁ 5tBr {he rdE‘i?g3l W}ﬁl'etak!tﬁé)tra[fﬁﬁéfnﬁ[ HE, deh’(/&g%ﬁﬁéfﬁ@fely on an external
delivery has [Tmted applications
penengsbouIce (e. 8. sela¢ttlclrt)b soed epargyveor ihest) taodeliver thedaugirRassive

T LT o it Pyl
‘fﬁ:{j tyqﬁam@é hmg%ge%mldﬁﬁmﬁxohﬂams q hggﬂ SHRERratibA®f drug and is
y-ordered structure of the Iipi | ayers confers
a adapted tovminyact theekineealdre thehhugdnfﬁlsest thrauigh tlet skint emd into the body

f olrég}ls%g gp h%%gggqagﬂgﬁ a[}?gtéqgr?g rﬂ{‘f | ngfip%%a{,%%gt X 1? 3 pengent upon the
condition of the skin, the size and physical/chemical properties of the drug molecule,
presence of various permeation enhancers and the concentration gradient across the
skin. Because of the low skin permeability to many drugs, transdermal delivery has had
limited applications. This low permeability is attributed primarily to the stratum
corneum, the outermost skin layer which consists of flat, dead cells filled with keratin
fibers (keratinocytes) surrounded by lipid bilayers. The highly-ordered structure of the

lipid bilayers confers a relatively impermeable character to the stratum corneum.

[003] One method of increasing the passive transdermal diffusional drug flux involves
mechanically penetrating or disrupting the outermost skin layers and thereby creating
pathways into the skin in order to enhance the amount of agent being transdermally

delivered. Early vaccination devices known as scarifiers generally included a plurality
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mechani cal |y penetrating or disrupting the outernost
skin layers and thereby creating pathways into the
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transdermal |y delivered. Early vaccination devices

known as scarifiers generally included a pluralityof
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scratch or make sSnal’l e area of application.
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e st m corneum T1hus, the elastic nature of
szkftem raadwal bf)thegxmmag alﬁmene; fagyeithic S@atm ngmEs. tThluya the elastic

pi er Ci el ements u enetratlon rt.herpore, the

tli‘ar‘iVeé’E ﬁ}esslqrb%%@ 15 Oi"ﬁ clyiedsent ﬁaatg}getﬁ@ HOX PHEGRS efemtents upon
n%ﬁ&t}’onafﬁlﬁ'{ FROR VAL tﬁ? skt %o g él'efﬂeﬁﬂs rl‘lg%l quickly
€ passage o agent through t assagewa s create

ba/ﬂdr bhen@iad bEithegleeice g, S];mﬁtmig the phssage bf agent thgoughdahe passageways

transdermal flux of such devices., [005] O her f VIC?

wme%tﬁd b thenierging el smantsand 1p @ur&h@#élﬁg ghettbanéilmgw ux of such
$@ ?ernal drug delivery are disclosed in European

Pa EP 0407063Al, Godshall, et al. US

[005] Other devices which use tiny skin piercing elements to enhance transdermal
drug delivery are disclosed in European Patent EP 0407063A1, Godshall, et al. US
Patent 5,879,326; Ganderton, et al. US Patent 3,814,097; Gross, et al. US Patent
5,279,544; Lee, et al. US Patent 5,250,023; Gerstel, et al. US Patent 3,964,482; Kravitz,
et al. US Patent Reissue 25,637 and PCT Publication Nos. WO 96/37155, WO
96/37256, WO 96/17648, WO 97/03718, WO 98/11937, WO 98/00193, WO
97/48440, WO 97/48441, WO 97/48442, WO 98/00193, WO 99/64580, WO 98/28037,
WO 98/29298, and WO 98/29365; all incorporated by reference in their entirety. These
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3,964,482; Kravitz, et al. US Patent Rei ssue 25, 637
and PCT Publication Nos. WD 96/ 37155, WD 96/ 37256, WD
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devices are extrenely smal |, . havi nq di [
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el ements make correspondi ngly small
M[006)S IN[b:2/radent]9,00drmiérmet kheindfS Batem Amplivetion $erial No. 10/045,842,
enhanced transdermal agent delivery. therethtough.
[ dde] Ontober 362280 Idjsclasp pdpure & {plaqmalietelieiig o potent drug

o 3 | i $20pibjeefGnsRhiRR BhveBdry coating of
%f,d%gllcg g?%ggﬁ%ﬁé%\g/? sékél}?%?&?% %ﬁ%o elfroﬁec\ﬁ% dell [ ve‘Fi ngryacoa mee
Pah&diugd Osgmict bealdéivilos: thvsofnidic woatinigh tyctofiquek) such as ink jet
pi ercing m croprojections which have a dry coatin

of
t teingingigo selsetitedy caat the|drugiprly s dke R PISFIRG @F@O@Bﬁﬁﬁflﬂ@s rather
techni ques, such | y 1ALk Lyiel :
SRS M PR Oe b6 SELERLNBIH sin.
Mgpit® B PlefCdibdbkurdsalCbenict fan. dmorbi@ess the difficulties in aiming the
portions/surfaces of the device which do not penetrate

i misrafhvédic kpray of depogiting thsf coating enlyiostq bs peeions obthe device which
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c omdtild ipohetetsbih-pibicolg mationseyd thomedreprpicsens. onl y

predeterm ned areas of the m croprojections, which

tvoi cal ld.incl Lo . . .
B OB SR BRSPS RSl
di fifckddiss ¥sBRINGS 18/080GpY ifial & 15 PRKHI0T).CThilagplkstion
(Serial No. 10/099,604 filed on 15 March 2002). This

apfidleses sorraliesbbdisentssdinestbtdsend davinemios certrolingvery precisely
arlc et eé/klncéseso a Etyecl:roo?ta rcgétgnlgnfgm\{&lg‘é{of fnd thes Id%ping the finalized formed

microprojection arrays through this controlled layer of formulation. These procedures

)

require that the microprojections have already been bent out of and generally

perpendicular to the sheet which was used to etch or punch out the microprojections.

[008] Accordingly, it is an object of the invention to provide a coating having a

biologically active agent on a microprojection.

[009] It is a further object of the invention to reliably coat desired areas of a

microprojection.



the thickness of a layer of a coating fornulation and
then di pping the finalized fornmed m croprojection
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These procedures require that the mcroprojections
have al ready been bent out of and generally

p nqj - . . . . .
DOPERA" 88 Yefinoltic bBRSOHEA mbOUR, TR0 i Phiotogially
| Sctive @lhegsed 6 cddie nithoprdjécion by cpnimvilidg whichogdrtioms of the
having a biologically active agent on a
mr@p@pr%?@@niam]w{emdg] It is a further object of the
invention to reliably coat desired areas of a

wicroprojection.[O%ng¢¥Ak Iﬂ??h@@ﬁ ject of the
invention to mnimze e gﬁ%ﬁ%& o |0Fg§$cally

agoi Ve Tagendthetsetthe presaninvantivie begre@pexcthe diffibylties of the prior art
controlling which portions of the m croproject |q<i§ are
c &y ereddingammgmry o Erppivies p igmdooeing o nrpcisslis contrqlisd agras and

e M T L

| icgatind £R@1A BtotDnREEEbBEloh With tHeQlréL6F tBe eaRingdntrolled to a
| ocations on the mcroprojections. The nethod of the

ppessisetiogatipnn The present deventipn plsp peayidas iy the sukfasiepns Apyang of the
a mcroprojection w.th the area,of the coat] .

C R VORREGEEES T Liohda 5 B S 8@ e Mhocerermined and

' %Y&Ege'l@&ti@h§@n He®hb @€ faok®@midrbrofod s RNforEéd migoprojection
the above liquid coatings in order to forma drie

caaty.ng | ocated on predeterm ned and precise | ocations

on the one or nore mcroprojections of a forned

m proj.ection array. .[1012] |nitiall he
DB IRt esronE At it P B Bed gt o sheet
s hegtrab R £hehbdlet, ¥ hBRkihe $ERprojYARNE bk dréifed by etching or
m croproj ections are created by etching or punching

openéhigg opdmingsghronglethsisbeat. AAthis pliage dieshest il bgeferred to as the

w,l |. be. referred.to as t.he "etch eet". The

BB S DR SsrPR iRy E Y OIS O per g gf o Rleme of the
plsaae. Afiet BB rﬁeﬁﬁhjee‘efohgha‘te%embeﬁ@%@hs&&mmfé réR@MEd to as the
been bent, the sheét will be referred to as the

" {'tormed mitopoypeatior@tragh array". [013] The net hod

i ncl udes providi ng an agent-contai ni ng hydrophilic

OB Y B B B BB 088 i
and conveying the liquid onto an etched sheet onto which a hydrophobic coating mask
has been applied. This hydrophobic coating mask covers all areas of the etched sheet,
except the areas onto which the hydrophilic agent-containing liquid is to be located. An
important advantage of the present invention is that for very expensive or rare agents
(e.g., drugs or vaccines), the agent is coated only on those portions of the device which
pierce into the skin, i.e., only the microprojections and not other parts of the etched
sheet are coated with the agent. Because of the precise manner in which the hydrophilic
coating can be located, various configurations of the agent coating can selected in order

to achieve desired engineering and design goals.

[014] A preferred embodiment of the invention is transdermal delivery device for

delivering a biologically active agent comprising at least one stratum corneum-piercing
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has been applied. This hydrophobic coating mask covers
all areas of the etched sheet, except the areas onto
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| ocated. An inportant advantage of the present

invention is that for very expensive or rare agents

(e, - . - .
{ Roprestn, ShekRebe BSbproj o BRNY it pER R RAUP T arSPhobie
slcbsing arl a seotmd/pdrtien wiithradpydajpaiic cwatngocnpidingthediologically
parts of the etched sheet_are coated with the a e&{
Bashyzsesest Rteraly dhesecapthprfion RORATIIES & Séalrﬂ%ﬁl%b i the

coat | . be | ocated, various configurations of the
aé%ﬁ#ggﬂéﬁﬂﬁg can selected in order to achi eve desired
engi neering and design goals. [014] A preferred

erforsli e aifvelsh éhel trneddrinahddlivetyr deviddonddliveghg  biofogically
device for delivering a bhiologically actjve_agent

c GAPYS ageRbCERPIISS 8 MNIGIPRIICINN GFRY of a plurality of stratum corneum-

COL neum pierci. r e WV T
DS FATLE R SFAR ol 5 e bittoprieops s

C Qg tioplilRNBating esORkifoht bilogitdlly aatihy ageaphind wherein a portion of
coating conprising the biologically active agent. i

Prtkg devagsi hps atlwér@g@btﬁ gopt i1dw hydipphiliccoatingicagy by applied to a
posti.on of t m. Cr OpE Oj. ' t I g

Frlo RS i HigREiRIS TR, Rlyor ey S Re S jection

bi ol ogi cal |y active agent conprises a m croprojection

anoes] ah eachdfih@hoted edbodiienis| e @Rt RPrITREtRIGE Bghfigured to pierce

m croprojections, wherein at |least a portion of the

niteiobgh Biestretuaneomesn fo nentb phless thap gheyt§0 ausiomeisrpgPreferably,

t bi. ol ogi cal |y activ n i '
g e T
Cogksitith bt DemaRBmeRes. tAs@priifghily, the hfrd'h@?hiﬁf: cbitéhg has a

m croprojection or to substantially all of the

mitkickipase peuad toer le§s0h®] the thiglasks of the Fuciepraseption.

enbodi nents, the mcroprojection is configured to

P HEHG b 0S Baodin s At B AP et fBI b od 538 formed by

M eEdhRiY 1Bk Bfitloprothfondrdne AEtA sifet heb foldiig theaitvdprbfebtion out of a
m croneters and a thickness of | ess than about 25

mipdansred tlesr deetA B thinshest g gomptiss dmpdebisimatedalegishiap gtainless
e ofea Faifupalof i Bk bufgaufukehethe > ©

stratum corneum pi ercing mcroprojection is fornmed by

etr o8N dn bheth 8l GHITEBERIETHIRNInG ERTEn2the iyrophEsit caftthg is applied to
fol diing the mcropr oilectl on out of a plane of the

s kemicrprejeactipm using photohihograpiy. | dheneted gmbpdiments, the
m%t ri %I ... such as g.t ai n&ess . . o .
ydrophobic coatings 1s disposed on a portion of the microprojection having been

washed free of unexposed photoresist and the hydrophilic coating is disposed on a
portion of the microprojection having been washed free of solubilized exposed

photoresist.

[019] In some embodiments of the invention, the hydrophilic coating has a viscosity

less than about 500 centipoise.

[020] In further embodiments of the invention, the device comprises multiple

microprojections having the hydrophobic coating and the hydrophilic coating.
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steel, titanium nickel titaniumalloys and other
bi oconpatible netals. [018] In another enbodi nent of
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the m croprojection using photolithography, hi the

not ed enbodi nents, the hydrophobic coatings is

di oy h p . : N

o AR SRR O BB SRR Bt conscn:
hydd afhé pieerS1Q0E Highuit 001+ SPaBRitreproRciaisiing) of the

m croproj ecti on having been washed free of solubilized
exposed photoresist. [019] In sone enbodi nents .of the..

| B2 1T mytion §lap 6pmpTises Teibrdsrgr foaming 8 ée‘élPWnaudmg the
l ess_than oyt C i pQi [ -t . .

e ABaPhERp DGl s E e Ak P G e el Pflon n o tin shee
Ml i aldrR], bR DhResplobi dvating'® 4 fist pyrtivo plithei microprojection,
coati ng and the hydrophilic coating.Preferably

h_ .
e sodingriietsicrenyel ceticiedts of ¢ plne dormed byithe Him shopl and applying a

mh%é%%ﬁﬁic%ﬁ%%?%ﬁoggﬁ risgf%nt?lg %ﬁ%@a&@{a@ﬁﬁ% h err]lgf‘eone?'%éggﬁda ﬁ%gon of the
c Qfmpgdtpﬁﬁ Sctivhl hodsnitRbrdjedtidhtan be Edin@e by Gehingd\ed pisichigg, for

t he eps of formng at | east one stratum )
c examplier Geoewllpghehydrophdjieeqativg iy lgmeved fransihe secopg portion of

terial, applying,a hydrophobic,coati tq a.first
o musmosp PRl oS PP PR e e RieaB ik Sodtind
m croprojection out of a plane forned by the thin
shegl] e Rl thiaiideiy the Bidrbpliotioedating iCefpives itog the second
the biologically active ent to a second portion of, i
t tpertivinoyidhe mﬁ@epﬂoiﬂqtioﬂ'h@rr%etbbmp@rlémgi tb‘ﬁhﬁgﬁplﬁ@l(f enafipg with

by et ching or punchi for, exanpl e. Ceneral | th .
b el e rumion B SR eao Ceuond s REpighportion
Ofogttﬁbernﬂ‘r(fﬂer@EﬁBI?@} ¢RI BRI pdRES 0w Rh ARRIH-aiemphe

hydrophi Ii'c "coating. [022] In the noted enbodi nents,

the hydrophobic coating is renoved fromthe second )
pdp23]odn ofhet abedinreoisradjtlecinyemionetib steptf 2pplybng ariyelgophobic

R L s e R S L R

PQyit SHb1&Esibth 18165 BRI REQRI I oYT thE R @ehioitibhexposing the
portion wth a mcro-stanp. [023] In other enbodi nents

ofmicteprojectienttd oadiatidne westepg vicxapssadyibotpresis fioms gredhsicportion of
et Bae R e B PP et
PRI fle mﬁ?&dﬂéj@gﬁérp E%lﬁ?lﬁig&% RPEdeli PRoREesiNBn the second portion

m'cr oproj ect1on,” €xpos
of the microprojection, and washing the solubilized exposed photoresist from the

second portion of the microprojection.

[024] In yet other embodiments of the invention, the transdermal delivery device is
formed by providing a device having at least one microprojection configured to pierce
the stratum corneum, applying a photoresist to the device, masking the device so that a
first portion of the microprojection is uncovered, exposing the masked device to
radiation, washing unexposed photoresist from the device, applying a hydrophobic
coating to the device, solubilizing exposed photoresist on the first portion, washing

solubilized photoresist from the first portion to remove the hydrophobic coating, and



m croprojection to radi ati on, washi ng unexposed
phot oresi st fromthe first portion of the
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coating to the first and second portions of the
m croproj ection, solubilizing exposed photoresist on

t he .seca %0 LOlectl . '
| A SR RIRY Q0aflhe iG] BRARUSRLA yBeS R i
P@biticarbrahe flt@optofet@@e. o) ection. [024] hi yet other
enbodi nents of the invention, the transdermal delivery

device is fornmed by providing a, deyice haan%.at.Iea t
ohe23t diepiclpaieallycistive Ageng i cqating %‘P BHEIOPERCUON; IyyRierably
cQrNn Yy i : ks |
L
MitGAQREBAIGE T AhmdmuoLesehed abax pasd, had nivee prsérably less than about
device to radiation, mashin%_unexposed phot or esij st

f 0¥ mpeofdetiveegenhphiie ey pactpiyert dshtsHIe VassHIcs AR Pefeptiugs.
devi ce, solubilizing exposed photoresist on the first

p 0 [ f:0r a4 :

FPA° Byl FEA e Rk Mo R BRI ok BB RRic arcas
aneaadhy ii@neét lidsOhadt-hfeiats, saclcanptibitiogatdentiviral agents;
bi ol ogically active agent to the first portion of the

mavalegries, wstuding feponyl) sufprianyl, semifprtaml. pugrsnpipbingaudranalgesic
for coat.ing the microprojecti Y.

| SruBORHOR sh AP SCh BRR s BB o suh o
t hebaRBHd; iaabdnuRbhieCintideprafiants paitiditbeti € s@sits; antidiarrheals;
transdermal ly in an anount of |ess than about 1 ag]g _
andtibistamingseégi-aiflaynnhatery ageiis aabougrage PSCNRALONS; apEmafien

agent. The st preferred,agents.are vaccin n )
potekEss drepgEiops Bish B seapoLR and fduondfoi affysiiienss:
aglﬁﬁﬁ&)g)’ld@ti@é . anttiBQrkﬁﬁbﬁrsmtdi’f@%s? REirhEtieY; 8RPpslyErdtidsl Mfpyretics;
but not limted to, anti-infectives, such as
anntitfasmpdiss,anduding geitrodntesdigehanst urinaty; gel¢hodinergics;

i ncl udi ng.fentanyl ,.suf entanil emfentanil, .. . .
PP DTS AR 5P LYo RS s TR aLP e Pcliting
angfcfih Efannei1bAtd\uich be ﬁifecﬁﬁﬁb%&i‘ﬁl@&k&s;%&%%ﬁmﬁ%cﬁch as
as terbutaline; anticonvul sants; anti depressants;
aniobuoliamiet ind ritgdnines anidartyitithsy dngihyserteasiveswush asnisaglol; ACE

NGO SRer TR aRHA6S Rupie S e Pl ool G EE B alnfrenar.
g:ﬁé}‘i ho Elnﬁl?& EQra P BLARPHSSHN SsteATHMANME,ADUEE 8nd cold

fnsoni smdrugs; antipruritics; antipsychotics;
apréfaydtivik;cdecomgesiasip adiapdistiss; homodred suh as parathyroid hormone;
gastrointestinal and uri nar){; nticholi ner%i c?;. ]
S yYPBOUHE HBRRGSHRETCSSANE HIR kel axgas; Rasasympatholytics;

c ap%%s%%&tﬁ&hﬁﬁetﬁ%se, ’f)%s?&élé}ﬂﬁls; i)f@)‘féiﬁ‘sq ip@;Qtides; psychostimulants;

sedatives; and tranquilizers. Other suitable agents include vasoconstrictors, anti-

healing agents and pathway patency modulators.

[027] Further specific examples of agents include, without limitation, growth hormone
release hormone (GHRH), growth hormone release factor (GHRF), insulin, insultropin,
calcitonin, octreotide, endorphin, TRN, NT-36 (chemical name: N-[[(s)-4-0x0-2~
azetidinyl] carbonyl]-L-histidyl-L-prolinamide), liprecin, pituitary hormones (e.g.,
HGH, HMG, desmopressin acetate, etc), follicle Iuteoids, aANF, growth factors such as



cal ci um channel bl ockers such as nifedipine; beta
bl ockers; beta-agoni sts such as dobutam ne and

WO Raosae47ee; anti apyt hmi cs; anti hypertensi ves SPCHUSE04/021076
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atenol ol ; ACE inhibitors such as ranitidine;
diuretics; vasodilators, including general, coronary,
P - ; I t
e e
deepapespin pRiteletidgined fionsh flewrrelnasingfactor,@sparaginase, bleomycin
par at hyroi d hornone; hypnotics;. i nmunosuppr essants;
msskirte, WM@ chsk%%fgl% ¢ $hsirippicagpnadotropin, erythropoietin,

parg?ﬁ;%ge%lgg gg%%ﬁlt qﬁfu%ﬂ!n@ agih%n ﬁrC‘é %ﬁlﬂfog, hyaluronidase,

S

t ﬁl@t@ﬂb&'ohlaﬁﬂfasmtéﬁdi’&{ bealiiheitbOnaganiS mtmélmda 1nterleuk1n-10 (IL.-10),
vasoconstrictors, antihealing agents and pat hwa

paméhwpowt;a (EBOD rganuﬂcwzm]mmmh@ge cglp@ys lstﬂmelaasz&fﬁsr%GM -CSF),

agen de Qut

%‘ ioec ocfo:tlr%‘ﬁfesu i faCt?ncﬁ ﬁtsﬁgrgrlw% écg]gzre ac ore

( GiBsing hdtfionk (L }mﬂzbmmmnm o6 eueh hoposereliaClcnptidelehusereli

endorprin n, TRN, NT-36 (chemi c(:)al edr?arre g(bl\l-’%r;;ll1 s) _%ﬁb‘h Ed)) ;-Sere m

amptpmlmngnadarebormd]napfamlm mpptmplm oo rﬁ'qp@) (FSH) and LH)),
ui tary hormones

%ﬁingét;ﬁ” ot BB pioF 0 e vosgpRgesi, deamino
L Dt&ﬁgssglafglﬁﬂs DasdpE AL dushidficalin @h@R%oPh (ST, ACTH

GH, somatostatin, bradykinin,
s @nelbgs sushian AQITA( blZé)L AdNR, IAI&Jclganamdwmhﬁmom angidtensin hy

L%{a&@g@&%{c}ﬁﬁ‘eﬁ oalﬁ g}g E)@H{%I aﬁtagomy {m gergc?ase CSTI's,
e rcxfcﬂsﬁﬁ%éﬁé feﬂal}%(gpﬁ)@ﬁglg%@@ ehleélﬁfaﬁh@ tr 489 %glaeﬁtg OBE peptide

inhibito hi’rul og, hyal uronf dase,
i sugpresosnIGF hmurmtntpshld factors, belbay smmuhtlﬁg fwmrga}mhyrmd

I%%léf%?ﬂsgp’@%n:gr Efghé’g@ Gi IO i er héﬁg]dgl‘?otr}n%ne (PTH),
{ BRI do AR g)ly&zsfaﬁga&gﬁ%ggdnﬁﬁ L1808 GHSkin

'ucagon, or none r el easi
herateines, fédiRifhibitdriithyanesingiph4-$ pibiromisolgiise THIF Masopressin
Ieugrollde buserelin, triptorelin, gonadoreljn, and
napRapusts gnalagn ainhayi %H{Vnﬁ%ﬁr@mml?m@%) And E&§HbelAd
LH) ), oxytocin, str ept oki nase, tissue plasm nogen
()28\3 atQf 'no{:érd%éle é’cﬁ%@ Q%@Iﬁsc‘&;ﬂl alm%nbl}@foéﬁns such as free
D-Ar ar gl ni ne reSS| desnopressin,
c (baiels,cal:hdso phaitgeﬁdbﬁ'lih'l):hargém iokoaleggampoadniast AGElar complexes or
(1-24), ANP, ANP cl earance inhibitors, angiotensin

a@pa@awrlgg@haamqowgeﬁagv BECEREDIRTES. aﬁwﬁh@{ dmpls deaypiiygg of the

ARy R SHRRE et i 10) LA OERRY b5 at body

PPl eftBmes, etc., can be employed

[029] In one embodiment of the invention, the microprojection member has a cm?
microprojection density of at least approximately 10 microprojections/cm?, more

preferably, in the range of at least approximately 200 - 2000 microproj ections/cm?.

[030] In one embodiment, the microprojection member is constructed out of stainless

steel, titanium, nickel titanium alloys, or similar biocompatible materials.



suppressors, |G-1, neurotrophic factors, colony
stinmul ating factors, parathyroid hornone and agoni sts,

w@aranwreoi d hor none ant agoni sts, parat hyroi d POY/DB82964/021076
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30

(PTH), PTH anal ogs such as PTH (1-34), prostaglandin
ant agoni sts, pentigetide, protein C, protein S, renin

i nhj Qi th i I .ph h

L3 SR R RN R Ry op PESPRRISE s efbctg ot
( WBARLBRANRARE matdnd AfEmbetaly, thda8ropofection a@mber can be coated
biologically active agents can also be in_variou

f ovithes nasuedndustitematerals sitsh a3 Parydenc®@s a7 § hmdrephftm% H@Fﬁ‘@@h such as
ts of nol |
by St G I B e caprabl & sal ts.

Further, sinple derivatives of the active agents (such

agoeihams. co@tﬁi%ﬂoﬁnul@ﬂbﬂ%ph@d o the mikYopivjeutien @ashbey to form solid
hydrol yzed at body pH, enzynmes, etc., can be enpl

oyed.
[ ®umat1Un GOiriEs ¢RMePIpIIFe agHeoUs e ROR-@AucqUs formulations having at

g' é\]%? e ch?ﬁt;%?v%pgacgpn%g W@F%ﬁtg{znya BE@era&ib?g Ealrﬁgr or suspended

MG RRHY &&idrons/ cm 2, nore preferably, in the range

of at | east approximtely 200 - 2000

m croprojections/cm 2. [030] In one enbodi ment, the
mi[e33pdopertain embodimsats afsheiprentione theyissgsitor aspiglogicaly active

steel,. titaniu ni,ckel. titani,um al

piagey g keI B e asBifieddf votastie

t REuMkS6RP PO REM A BT PSR a%étlt QNS hbdietchabed at Glhe Rrmulation pH
non- conductive nmateri al . ernatively, the

mand dmwpwsﬁy-emwmnmg@pwanorb®mms én wnti fhawging at least two acidic

%oa éiaéel: ﬁ@gﬁtc i %ga&%c?]gcgg rgéfqp%g] lea 1551 @f:lélo{qrtglpc acid, adipic
Otat‘}ﬁr flh%%tﬁ@%l@)/fuﬁﬁhg béidl %]lu{agg%hd-rﬂ&oﬁﬂadchd] @neglutol, mesaconic

formulations applied e mcroprOJectlon nenber to
f (ar:mh, suwkcinde tm«h,mm:lqmahctdc&‘l twtionin gsideeitriccamnd rtiieaballylic aoidl,

GRS RLERF RS 0 SO PR 510 ORI %1Cp lfri

c%{dlgﬁ @{osg ged within the carrier. [033] Li
certain [ nents of the invention, the viscosity of

a biologically active agent fornulation for coating
mi[034] p rAaj ol ipmfsrré:dsemmdimemds Bireaettiioregvibesity-ehbancingmixture of

count er.i ons. one emnpodi ment he agent. has a

PGSIR m@l%‘ﬁlaqral@ the a&@uﬂgﬁwnﬁ%{ﬁ iaﬁfgs pi o fomdation pH and at least

ViHE Qs ﬁfeyco AR i a%ﬂi’l%f\@ﬂ AMeSPRRY A& gK@s 2%h&other counterion

havi ng east two aci dic pKas. Suitable acid

i ri@hruﬁk&d miﬂhejm’—: ca@iate pKad;.l Exangplel ofivaitabie acids lmtlude hydrochloric

tartaric acid, adipic
acid, hydrobromic acid, nitric acid, sulfuric acid, maleic acid, phosphoric acid, benzene
sulfonic acid, methane sulfonic acid, citric acid, succinic acid, glycolic acid, gluconic
acid, glucuronic acid, lactic acid, malic acid, pyruvic acid, tartaric acid, tartronic acid,
fumaric acid, acetic acid, propionic acid, pentanoic acid, carbonic acid, malonic acid,
adipic acid, citraconic acid, levulinic acid, glutaric acid, itaconic acid, meglutol,
mesaconic acid, citramalic acid, citric acid, aspartic acid, glutamic acid, tricarballylic

acid and ethylenediaminetetraacetic acid.

[035] Generally, in the noted embodiments of the invention, the amount of counterion

should neutralize the charge of the biologically active agent. In such embodiments, the

9



acid, citraconic acid, fumaric acid, glutaric acid,
itaconic acid, neglutol, nesaconic acid, succinic

waeid/ooeord ranmal i c acid, tartronic acid, citri cPEDU82004/021076
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tricarballylic acid, ethylenedi am netetraacetic acid,

aspartic acid, glutam c acid, carbonic acid, sulfuric

acid t et trali
oSl PHEHEPOEL 5145 ih gL At OSSR B8 nwrice

Mithd cHa@gdZﬁres‘eﬂtJ@ﬁ thelagaist antterpd of thi e‘oragﬂz[ttonh &xcass of counterion (as
positive charge at the fornulation pH and at | ea

t
ofthe fiee acadipt &5rd i) pan bmaddedl dp haweplidedn ordade corty PHoand to
aci di ot her nterion is an acid with one
oP“ﬁB&%ggﬂggeﬁgﬁ‘ “?aggySUItab|e aci ds i ncl ude

hydrochl oric acid, hydrobronic acid, nitric acid,

SYbialr itk aRéthéeh prBﬁhﬁd emB6dichenp hmsageﬁfiias agwisitive iahmge nrd the
sul fonic acid, methane sulfonic acid, citric ac

id,
s @eumtm‘l@n B ‘dscogitxré@ianémaémawr@ pimicaions phpsen fon the group of
aé"ﬂ glél ra?ol r@%ﬁ% g%%. agﬁc‘t acu? %ggrocﬁﬁ%h' cﬁc%l%aolﬂ%{cw 'a.gd acetic acid.

ni ¢ acl
agetfefabBt ceunt@iaRiaNiddeatd the fo@milaimgi 1o adkieds a eRC&IMYIit the range
acid, mal onic acid, adi pic acid, citraconic acid,

| @fabouti2d -200¢p- glutaric acid, itaconic acid,

nmegl ut ol , nesaconi ¢ acid, citrarmlic acid, citric

spar Ci tri.car i .1
008, 503 et B RB e GREAAb £ o i
Gapehetiby suchiis bhew Relgdtewehdici Ny oblatilify wenkeitid @unterions
t he anmobunt of counterion should neutralize the charge

ofpresint d ilwisb@emidlc‘ypié@ ehd @ medfeg pointhighes thasabewi fii%’ﬁ?tcg a boiling

| Ao ptEree R a8y ¢ b e S SRR g o RERERG e

OnRutdific ﬁgﬁn%ly&;hct J&ﬁi %h'ic@fnctabﬁl Embﬂﬂéhﬁ:tdcmi lacki¥ @eigsmafic acid,
counterion (as free acid of as a salt) can be

adgewvi¢ acid,Hertgpcid] ¢arfronio adids andofupwnicrapid. pH and t o
prOVide adequate buffering capacity. [036] In another

rred enbodi h has a positive c e .
R R R T T R R B SO
ofcfaﬁ ue H@ﬁﬁéarh% pa:é!;eﬁiﬁ{g ftnem sRSHI0L RURr Bfan Gbbiiti ¢ Eyé‘dnﬁbles of such
tartaric acid, malic acid, hydrochloric acid, glycolic

acictfls iznheledygtdchlogisiadid, Bydbbroatt ymd,cmmq asid, sponie acid, sulfuric
?%ﬂ’gﬂ %f%%gﬁ@fr%@géﬂo%ég@p%gygéeﬁu Imc acb %ifdgr%cti%nc Dbl acia.

enbodi nent, the viscosity-enhancing counterion is an

aqpsiic &%ﬂﬁiér%"réf&'i‘ecﬁéiﬁbocﬁﬁleﬁt is aedted &t d mitireWFakudetifhs wherein
Low volatility weak acid counterions
at least one of the counterion is a strong acid and at least one of the counterion is a low

volatility weak acid.

[040] Another preferred embodiment is directed to a mixture of counterions wherein
at least one of the counterion is a strong acid and at least one of the counterion is a
weak acid with high volatility. Volatile weak acid counterions present at least one pKa
higher than about 2 and a melting point lower than about 50°C or a boiling point lower
than about 170°C at Pym. Examples of such acids include acetic acid, propionic acid,

pentanoic acid and the like.

10



present at |east one acidic pKa and a nelting point
hi gher than about 500C or a boiling point higher than

W@k@mano7900C at Patm Exanpl es of such acids iPCT/usmo4/021076
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citric acid, succinic acid, glycolic acid, gluconic
acid, glucuronic acid, lactic acid, nalic acid,

PLFA, A o Ay Al e e s

t RBarge yrts@itioanhd Grug asthe@ifofbe ﬁamﬁﬂzttmng Excef camtidon (as the

defined as presenting at |east one pKa | ower_ than

athsaaci, oraﬁaﬁ@it)e‘@n e addrdro dks drygiim elrd@%a@ toptiPbRiAapd foprovide
nitric acid, sulfonic acid,

aci
s F?H?F Cﬁﬁfﬂ§c aci d, phosphoric acid, benzene
sul fonic aC|d and met hane sul foni ¢ aci d. [039] Anot her

prefRr meenehdedibodithernit of terigvdngidn the aoatingtfurneulafion 1ncludes at
counterions wherein at | east one of the_ counterion i
a lesst enepuditer. dExamaplas of sigh bulprs leludapsceubisracist CHHC ﬁ%ldasucmmc

le%évgdg & icl a[cicy > §1UcQ l’lltc%.gfdd %luL,lQr%gjc fﬂp 'iep:ﬁE alill %ﬁflé g&d pyruvic acid,

a mxturé of couh

WRBtRichcRY tareast asloSfuarit AGIdCAKRICLQ rphb§ph@rlsfabﬂnmcarballyhc
acid and at | east one of the counterion is a weak acid

wiacid, mialgivioasidhrilipia 3eid, wiragenicacife ghataseticrcid uiac it aeld, mesaconic

pre en .l east..on a _higher.tha u

Ry Botin ER R T R ode Bl iouh 620 g YR A S g
I %\ﬁr isb&BtbnaPRd, b y@myﬁatamd ot &sd Qilgéli&atblcﬁthydﬁcryhc
i ncl ude acetic aci propionic acid, pentanoic acid

andidt hepariikecif,elutmithasid gline aouirtuses theteof.s pr esent
in armounts necessary to neutrallze the positive charge

PR B o st B ' B P B at s
C 3 BRAGERE WiACH B K dégudsterRipG8Entt Suchaliu@d ciltedBigkid &id,

provi de adequate bufferi ng capacity. [042] In anot her
e b (atinylenss dintglo-tetraavetioacid) ¢rdresoadicalgcsngersatich as ascorbic

i ncl.ude | east one ffe npl es of such buffers
|ﬁ%@uﬁ@§%§%%?ﬁ?%u%5¥83 Ft?@éhgﬁﬁ succi ni ¢ aci d,
gl ycolic acid, gluconic acid, glucuronic aci d, | actic

ago4d] S ﬁwamcﬁ],, tHe@ohid forgiation includes at least
tartronic acid, fumaric acid, naleic acid, phosphoric

aonel surfactananidath gan ke zvalterioniel aomihotesici ehtioatti phieniscorchonionic,

R R A S e

a‘%sﬁs tcb@iﬂyﬁdﬁ&hrﬁ ch&bhﬁé @@P@)b A8y 1tARINAS bkl oRidk bRloride

|socroton|c aci d dr oxy utyrlc acid, crotonic

aTMAGK gaizlaﬂcoanmd ch}myuiaﬂm’lydorbates such as Tween 20 and Tween 80, other
sorbitan derivatives, such as sorbitan laurate, and alkoxylated alcohols, such as laureth-

4.

[045] In a further embodiment of the invention, the coating formulation includes at
least one polymeric material or polymer that has amphiphilic properties, which can
comprise, without limitation, cellulose derivatives, such as hydroxyethylcellulose
(HEC), hydroxypropylmethylcellulose (HPMC), hydroxypropycellulose (HPC),
methylcellulose (MC), hydroxyethylmethylcellulose (HEMC), or ethylhydroxy-
ethylcellulose (EHEC), as well as pluronics.

11



acid, aspartic acid, glutamc acid, glycine or
m xtures thereof. [043] In one enbodi nent of the

WO pwsenod7on, the coating fornul ations include apCT/E@8®04/021076
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one antioxi dant, which can be sequestering agents such
sodiumcitrate, citric acid, EDTA

( lene-dinitrilo-1et ' ' r Ledbelic ol

s oA FRFIhE, fripoginb, 68 B ShzTo R orpinciidesa hRARlic potymer

ag6leéb@ om @8 dolidveink igkdip: hytéiyethyl stagche ddacdinpoiy(viryl alcohol),
the invention, the coating fornulation_includes at

| @abetbylenserifies pelsi2-hydioeisthylmethecrylao)Raly(@riigyl pyrolidone),

P hatoierE hEa relnSoudl HRRe R B | "Sod i
dodecyl sulfate (SDS), cetyl pyridiniumchloride (CPC),

dogeny I bhdRédumhbodifiaiof etV @ftiod ethé TOM)g, formulation includes a
benzal koni um chl ori de, polysorbates such as Tween 20,

aripcPmpetiblgGarris elick earpiomaisgevitheut lipatation, ynasalbumin,

sorbitan | aurate, ,and al ed. al .
; ioefbersd gy g iR ol el GG s AR ig Rl poThistdine
| BRIk OFblydulliatel pallhriithol 011 uREds6 trdhalseldedeitost, aatfinose and
one polymeric material or polynmer that has anphiphilic

prstashydsees, which can conprise, without |imitation,
cel lul ose derivatives, such as hydroxyethyl cel | ul ose

- VIV A —
hyoel; et doykpRRE Rydtiscl likli@6ien, (BHidMPedudifig sugar, a polysaccharide or a

et hyl hydroxyet hyl cel l ul ose (EHEC), as well as .
plredusirigemgi0 S8itatlqnemotdueing engrssiforwae in thh smeghnsls japg compositions

f |.at i i.ngl ud h hili | |

f ?og %et 1ﬁge|:r$1§p: ng(aklcﬁeg ?s re%a]ﬁ%fie;] gl.g:ir%s)?g/%?kﬁ@? s\ég%%%clhglﬁs’e? 8} %?ﬁnose.
deyh g8 o%@ﬁd&ﬁ%ﬁd@é|foﬂis%%ﬁie)metﬁ@dsyﬁﬁr&bh®6ﬁ_ﬁ©ﬁé ifthe invention
pol y(2- l?y roxyet hyl met hacryl ate), poly(n-vinyl '
pym@hde Gorexampls, ettt erieblgbipodl destdn,mndtiosudis. Shiadeteducing
"kt 500 oSBT ROl e

bi OGRIRRhiRIR sGA 44 RlrexiipehafisR, HABROES %ﬁ(o\éé,trm%, xylose,

[imtation, human al gum n, bi-oengi neered ‘human
aldigitvixnse, findoge | quemitb; qaimpdosepdiaymepartloss, altiosg, fructose, galactose,

D Fitkgse BuloseimaBeiosnorions pibacse, Befthuh and i 1 & GiSiccharides
stsagh ?so iy eXLIQlﬁfé], the‘%}%éj @{c):iﬂ?ﬁl&o, JiIRRAL - scliRBiotO 2k 1M ose,
fornmulation 1 hcftides a stabilizi'ng agent,

gentiobiose, lactose, lactulose, maltose, melibiose, sophorose, and turanose, and the

like.

[049] In another embodiment, the coating formulation includes a vasoconstrictor,
which can comprise, without limitation, amidephrine, cafaminol, cyclopentamine,
deoxyepinephrine, epinephrine, felypressin, indanazoline, metizoline, midodrine,
naphazoline, nordefrin, octodrine, ornipressin, oxymethazoline, phenylephrine,
phenylethanolamine, phenylpropanolamine, propythexedrine, pseudoephedrine,
tetrahydrozoline, tramazoline, tuaminoheptane, tymazoline, vasopressin,

xylometazoline and the mixtures thereof. The most preferred vasoconstrictors include

12



whi ch can conprise, without limtation, a non-reducing
sugar, a pol ysaccharide or a reducing sugar. Suitable

womersoederi ng sugars for use in the methods anpiCT/US2004/021076
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conpositions of the invention include, for exanple,
sucrose, trehal ose, stachyose, or raffinose. Suitable

p 0 i i . izoli tr 1i !
P IEIARET 8 e B e st
deyhamtine sdyitetzoBhaunhxylolasthzdline. and i nsul i n.

Sui tabl e reduci ng sugars for use in the nethods and

BB e T ki e SR BB intucesa

af '&%S 2 KRS EoanCopk@% AFfhout HERSRen,
q&%?tl oﬁ?mgﬁ?E%S%%%#Qgﬁgﬁ%dﬁt, AFPbgephgﬁtroég; on ,

f rogmibtis egenga(eac,tsodieym cloddsd ezwitgatiase compommisl(ege amino acids), and
i dose, mannose, tagatose, and the |jke; and

diesfapfammaiosy ageels. sich as betagiethapne 2 pptiogpRale disadium salt,

vioi . - . 5 _
o R Ene BUSR5 1 APl BTRac, H5hlcORHARRE hycrocoride,
S opiREesSoncTIOplidsphiate diodiandsalthmethykgeddiéd@]e 2ii-phosphate
anot her enbodi nent, the coating formul ation includes a

v aigsgébm salf, @te&}{lprﬁmwom -Watgépdwq q@guparam§thasone disodium
ldlgﬂ})%})%%eoarﬁd Ip?é'&n%%%ﬁre'ﬁ-emﬁﬁﬁgtg %@g{nyssﬁ% agdsdloagl?l%%%ﬁl?s, such as citric

deoxyeprnephrine,” epinepnrine, Tt _
| REANGiEaleisARs (1] dodfiinh Bitratd)] diREH sitfatesdEiRZ Qlpifi@,and EDTA.
nordefrin, octodrine, ornipressin, oxynethazoline,

phenyl ephri ne, phenyl et hanol am n

pherh| pr spanethahrrbOdimeniyf theieentione thesoatiem Esmalition éncludes a

¢ vdr . [ D6, . .
SRR LTS 0 cob A AR Gt
MCyelodestrinhettfa-Cydiedexast, ghicedydalphd-CrRicieRt, fialtb§/1ilpha-
i ncl udeepi nephri ne, naphazoline, tetrahydrozoline

i faaledesrinnglucesst-betaiGyalodextrianmakiosyhbetatGaetotdskirie hydroxypropyl

| ] d. xy] | ine. . [ 0501, .l h
TR RERR R R RUERRI 3RE- Ol n P gmms-
| T8c10desrial hydeaslktNBetaRichiRY R Y-boR At} cddkirin,
whi ch can conprise, without limtation, osnotic agents

( evlgobutdetiptpiplhtynlodtairin, swifabugretbert-este-oypedantiin, @ad g. |
AL SR RO DA R i R e

t iAW -BRIQRATAL Al @Bk Aol tIaSAR1 04X RO BY&LRypropyl-beta-
hydr ocort amat e hydrochl ori de, hydrocorti sone

2 Cypldsyhiataad diléaitylethed| tefa-epetddgkipmedni sol one

21- phosphat e di sodi um salt, methyl predni sol one

2 }OSSle COi DA E ST 2 e iR lrorg,t e %gaQ%g%lsrr?ﬁLtlilgl includes at
least one non-aqueous solvent, such as ethanol, isopropanol, methanol, propanol,
butanol, propylene glycol, dimethysulfoxide, glycerin, N,N-dimethylformamide and
polyethylene glycol 400. ”

[053] Preferably, the coating formulations have a viscosity less than approximately

500 centipoise and greater than 3 centipose.
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phosphat e and predni sol one 21-succinate sodiumsalt,
and anticoagul ants, such as citric acid, citrate salts

W@ 2009/00478Ddi um citrate), dextrin sulfate sodi uPgT/US2004/021076
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aspirin and EDTA. [051] hi yet another enbodi nent of
the invention, the coating fornulation includes a

< L s . ' . $ . _
Aﬁ%ﬁzg &}?’f’% %ﬁ?@{ﬁ,ﬁf{@tﬁ% ﬁ‘ﬂfg Hﬁccrné\éﬁegxtﬁ&ﬁ%@ of BYib&npatible coating
Gastees fhya D6 dsiwtons, imorg puefaaply; kkpthan O) alicobes,tas inmgasured from the
mal t osyl - al pha-_ Cycl odextri n,
g ImisEpRicBIOnAITRIS: odext ri n,
mal t osyl - bet a- Cycl odextrin, hydroxypropyl
bet a- cycl odext r gpR Igipﬂ@q@@ ThetBr AYeMNRSext rin,
2- hydi Oxypr opyl - ganma- cl odextrin,
hy 0§ 3] yiHchirvenkioh aADyotwadabeseribed in greater detail with reference to the
nmet hyl - bet a- Cycl odextrin,, ) . )
s refemed Wb@(h@pntg IIWF?Q(EF thecacppppanying drawings and figures. wherein:
sul f obut yl et her - bet a- cycl odextrin, and
S b | REEL 5 mf [ : r
SEP%@I Iliqitlél ng/ E% rlrfg?em e%ﬁg%g%%;% e %@%@cﬁgﬁgaﬁ ant:ormed
hyicaypygeaiovlarfag a- cycl odextrin, 2-hydroxypropyl - bet a-
Cycl odextrin and sul fobutyl et her7 beta-cycl odextrin.

In_anat her enbodi nent, of the_invention,

[ 052 s .the

¢ 688 TInFIERH R 1S BpersRecivpuewaal thehaned puctRpioicrHan atray of FIG. 1

SQJ: . : |, nethanol,

p3%‘6@%%?@%SIF%%%F‘?"%@E%%@&%@O > di met hysul f oxi de,

gl ycerin, N, N-dinethylfornmam de and pol yet hyl ene

gl[98]]] RIGURHIB 8 Jardfschbmntibieprestitetiasatfithmyegistened mbskoommting

have a vjscosity less fhan approxi mately 500 . .

canihesbpisBe HRandmNbeein HaseRs et Fsos amg@ﬁfnl’?ﬁ grfgllows:

enbodi nent of the invention, the thickness of the

bi . , Ny ; . £ Boroiot
A A

micegatqal; qjllexfitheosurfoes shown aBRbAFE niAESGRIENfoONs @Fe aFtdy ;

DRAW NGS [ 055] The invention will now be described in

R TR phiistat GuR R ubURIER Shet S orp sompietely
a%@atfe!i?}fﬂ;mea;pﬁm?s%ﬂiﬁ\%e 18sf]l FIGURE | Ais a perspective

view o ortion of one exanple of a forned
m croprojection array; [057] FIGURE IB is a
peb6e HIGURE/4 eshowt thelphofamaskd ni cr opr oj ection array
of FIG 1 with a coating deposited onto the

m[%ﬁprﬁb% g rs]ﬁo;ws the etched sheet of FIGURE 3 after having been exposed to
light through the mask;

[063] FIGURE 6 shows the etched sheet of FIGURE 5 after the portions of the resist

which weren't exposed to light have been removed;

[064] FIGURE 7 shows the etched sheet of FIGURE 6 after having been coated with a
hydrophobic second layer, which covers the formed microprojection array everywhere

except those portions that were exposed to light through the mask;

[065] FIGURE 8 shows the etched sheet of FIGURE 7 after remaining areas of the

resist layer have been removed.
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[058] FIGURES 2-8 are schematic representations of the
regi stered mask coating nethod of the invention

wob@sed4124 he steps of the method are descri bedP@EBUS2004/021076
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follows: [059] FIGURE 2 shows an etched sheet which
has al ready had the mi croprojections created; all of

oy + [ 060] T CURE LD ERGRIPTIY GRCHEE INRETFriORe

FIGURE 2 after having been Defipit®hel y coated with a
phot osensitive resist; [061] FIGURE 4 shows the )
P H@@@néfsm tem@zqns@r@aﬁgn@ng Hesveliveey Cé’@aﬁé@téﬁsw dgyg or vaccine)

ter i ght through
£ o jor aFB%gﬁ BV RE o XPOSEA hitapy 97 © 1T O
FIGURE 5 after the portions of the resist which
WGOET] (TIRAE@S Bthns@erinabiix havashikerits efmanedtrmaDéelivery.
FIGURE 7 shows the etched sheet of FIGURE 6 after
havi ng been coated with a hydrophobi.c second | a gh
wWhPeH Jddedeisn PmiSTaRsRIREPIN Eers fQ PisEaingelemppts ywhich are adapted to

S DR OB e SR P B fiREng BB EXARRGC 14)8r, or

etephiRenEhae dehis FlyekdREf the 3kinesr allbimy niimgl, pueidsladl athuenan. The
resi st |ayer have been renpved. DETAI LED DESCRI PTI ON OF

ThiercingEiManks sheridmot pisres thoslep toradenth that caysgn sigaificant-bleeding.

Al Ay ot e
SM@JS‘?HQI&%% Il{l%g ojebfiend ?fe)f@all& hARSORIAIRbE SouX’75 to 500 um

nmeans t ransder mal [ivery. [068] The term

" iind hapicRnss bf sbost 5 tebe pm. tThephieraprojgetidne nieayttee fntrnedin different
are adapted to qﬁ’galerce or cut through the stratum

C@hmchhta@ng subellovy qubese@g@pér p,ling, gugy‘]@qs ang} combinations
a 1lderfm ‘%a Htﬁe[ §“ ?%ﬁérajnecﬁﬁﬁst’hﬁnﬁ oPlsichs!” ‘Xﬁ;ucn;lg)blades” and

"t ng el ehre

shaubdnealiespPiafy &s@d Hﬁ@ugbhﬂmﬁ:@c@n@%ﬂlﬁ t hat causes
significant bleeding. Typically the plerC|ng el ement s

have a bl ade Iength of less than 500 nm
prie6r megenn@ Smicropapy At ¥Ry’ %@S%I@r%feé?ré& ﬁahgahty of

t ){RIC 1c§1¥ct¥I nggltl hn %ﬁ%ﬁie{%ﬁg bR A0

e®m cropr o] ec ons
”&Ml@ﬁ)pfr(ﬁj BRI drfity(iﬁh:fyf WS @8Hted by etching or punching a plurality of

microprojections from a thin sheet and folding or bending the microprojections out of

the plane of the sheet to form a configuration such as that shown in FIG. 1A. The
microprojection array may also be fabricated in other known manners, such as by
fabricating one or more strips having microprojections along an edge of each of the
strip(s), as disclosed in Zuck, US Patent 6,050,988, which is incorporated by reference

herein.

[070] The term “biologically active agent” comprises any agent or drug having
therapeutic or biological effect. Such agents include agents in all the major therapeutic
areas including, but not limited to: anti-infectives such as antibiotics and antiviral
agents; analgesics, including fentanyl, sufentanil, remifentanil, buprenorphine and
analgesic combinations; anesthetics; anorexics; antiarthritics; antiasthmatic agents such

as terbutaline; anticonvulsants; antidepressants; antidiabetic agents; antidiarrheals;
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shapes, such as needl es, hol |l ow needl es, bl ades, pins,
punches, and conbi nations thereof. As such, the terns

w0 piosoopej ecti ons, ™ "m croprotrusions,” "m credl/asm®e4/021076
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and "m croneedl es" are used throughout

I nterchangeably. [069] The term "m croprojection

ar dfistATinks gﬂti-lﬁ?ﬂﬁﬁlﬂa{ogyt %eﬁtsf Shtfnildii @b ¥ a@dns; antimotion
m croproj ections arranged 1n an artfay for piercing t?]e
Stdickness preparetions siéteasdcopapmiieent iondarsetrary, antiyauseants;
created by etching.or punching a plurality og i ) )
i BWIBEPIREIES | FHDAFkIBINIST PUss; SHERUIHGY NHPHIChYIGSy antipyretics;
bend ) . p _ " ihe
s R S S s

Fl sgmphthomimetrivs cxmpting éatviatinesacardiovasylatlpsspabeions, including
fabricated in other known nmanners, such as b

f sstgiwarchatpebhlockers fishas gifedipmenhgip hb)cl??féirllﬁﬁg"%%%t? gieh as
| o . ; i .
7 D EAREH B RO AR Gy biBoSens s HGsBREMA acE

r gfBibReesuiteseiafitididey Qlurckite; a6 dilatdrk,dhelgimg!geieral; tonoQary,

agent" conprises any agent or drug having therapeutic
orbepipberaly ped perebnk centrabneryousysistos stianlaels; eoyehesd peld

all _the.major th eyt | re incl udi,ng, n .
i Rabe SR toklos R CRBR G oA B ity hprmone;
arHTbed')tEo’%! i efdshipprafiah@emusde rdlxehidtpadsyngatiMtios;
sufentani |, rem })ent anil, buprenqrphl ne and anal gesic

c anssHapatbamimetnies; toiesta glandingy prossing pepladesi paychestimiudants;
ant i.ast hmat.i.c_agent s ch as,terbutaline: . .

S TaBRvare sepatndes; S BRI el fpotife psprensizipiore anti-

arHeh B B4dcRRAINE pathwdy ipilcAly ABaulafmd.i - | Tl ammat ory

agents; antim grai né preparations; antinotion sickness
preparations such as scopol am ne and ondansetron;

anf7 Hadsethar specidistexpaplss 6 agents inclade, ivpithokt hedatiemgrowth hormone

it s 8RB PR PR BEF B8 PR AORETFS! 1o88in, imsultcopin,
UrchR@biin, 8HcotilS) chBSpHEIne FRNS KRS NATERN hérfe: At nmﬁo-z-

derivatives; cardiovascul ar preparations, includi'ng
c azetidinylt barhomsil]-bthsskipt-b-molitangde)nlipredinppitgtarpbomones (e.g.,

bl el,sS, - bet a- agoni sts su .dobut am n d

RSt RS, o BrERgh RS i gl Do Aol Grmn fectors such a
At GhotorYeFeak B TR QGFREY BMER, GENisbintioSGiin, bradykinin,
diuretics; vasodrlators, including general, coronyary,
pepingtegnopin, phteletederizbd giowtls &vtaratleasimgy fukr,sagpiregmase, bleomycin
stiyul ants; cough_ and caql.d preparations; | .

B B S P AL A0 rpi, rtrropct,

PRh &Y ERs 14 RSB regation inhibitor), gluagon, HCG, hirulog, hyaluronidase,

interferon alpha, interferon beta, interferon gamma, interleukins, interleukin-10 (IL-10),

erythropoietin (EPO), granulocyte macrophage colony stimulating factor (GM-CSF),
granulocyte colony stimulating factor (G-CSF), glucagon, leutinizing hormone
releasing hormone (LHRH), LHRH analogs (such as goserelin, leuprolide, buserelin,
triptorelin, gonadorelin, and napfarelin, menotropins (urofollitropin (FSH) and LH)),
oxytocin, streptokinase, tissue plasminogen activator, urokinase, vasopressin, deamino
[Val4, D-Arg8] arginine vasopressin, desmopressin, corticotropin (ACTH), ACTH
analogs such as ACTH (1-24), ANP, ANP clearance inhibitors, angiotensin I

antagonists, antidiuretic hormone agonists, bradykinn antagonists, ceredase, CSI's,
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hypnoti cs; i nmunosuppressants; nuscl e rel axants;
par asynpat hol yti cs; parasynpat hom netri cs;

w@e@svegbandi ns; proteins; peptides; psychostiPCi/as1084/021076
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sedatives; and tranquilizers. Oher suitable agents
i ncl ude vasoconstrictors, antihealing agents and

CaP bRt SRR CORP) il DT} EAPRCHS, IBE poprice

haupmBsorseIGRY endipstidphic faGldR;ikology stivirblating fewiwes,rpekatageid
factor (GHRF), insulin, insultropin, calcitonin
odoreond and, agenigiss paTRIYToTRROrIgTe FBtagenaif R thyRifEhormone (PTH),

N- S)4-0X0- 2- Mol . . . :
c LRI &7 B ) Bitdanlandingriageniss, pepisetide protein C
Pipkteind, YerliR inHbiests, (tRyrBosin Hphk- 1 HMmblE $HEPTHEFS akopressin
acetate, etc), follicle luteoids, aANF, growmh factors

s wotagaristy aoalpgs, Rlpkedr antiglypys (fseombiagd), anaARHE)-betaNEH,

GH, somatostatin, bradyl dnin, somatotropin,

pl | et - derive '

DB s SEL oA Bk RBb LA P81 o, o o e
C habRCacsd D Khdridt oraliRhirgsd folRiRE Woh@phents of molecular complexes or
eryt hropoi etin, epoprostenol (platelet aggregation

i mlonyiitating, phgtmengdogicallg@ccapiabld wdfs. Rydhair srmplpdesivatives of the
interferon al pha, .interferon .beta,, interferor

| RERYS QRTBR Eef SRPR: FEPRER o B Ry 9 diiyped at body
( BP0k anstb oext B smsloshage col ony stinmul ating
f§%§gﬁzéﬁ}ﬁ<35ﬁ), grangﬁgcyte col ony stinulating factor

(G CSF), glucagon, |eutinizing hornone releasi

Ih dPMdn eT hg LtﬂRgUb,lolp gqullymﬁq:c@gg a1(ng|g:¢tﬁ OR gbig]@ggqagy ?eﬁgctive rate" shall be
naprLpbr fhe oRgRly it phS R e R R e pg R fnd refers o

L9 am&init oP Edtdof Sk HERnRIcbRBRAILY héthie el REMddEEERCt the desired
activator, urokinase, vasopressin, deam no [Val 4,

DihergButiorafienibeaciicislomsels sThe adewtop adisiagent employed in the

cqrticotropin.(ACTH), ACTH _anal ogs. such.as, ACTH

( Bosipp fRuthines drdsapdiee TR B SR I AP Sbiappnccessary to
anfcRGQ tAtrape bl MR E GmbRATBTIR: AUYB S to REAsHEthO Aesired
ant agoni sts, ceredase, CSI's,calcitonin gene related
pehdraptatic @SRIP) , enkephal i ns, FAB fragnents, |gE

pepti de suppressors, |G-, neurotrophic factors,

QB a8 breglip &g Pl TG Ren ERh R e B P ERR TR Pblaieany
h %Emﬁeﬁmﬁﬂg AETNEr D QS of Hélhf_egy?; itiEldavérdty 3 he cogdition being

prostadl andi n” ant agoni sts, pentigetide, protein
priceatednths desieadi therapeitivieffoctsand theydresilutionl quidaeléase kinetics for

2l sEery ok e ey 4 COBRIIRAY TSGR TaF bot a.
[075] The present invention provides a method for selectively applying a hydrophilic
agent-containing coating onto the skin-piercing portions of a microprojection device.
This hydrophilic agent-containing coating could be applied prior to bending the
microprojections down. The disadvantage of this procedure is that the agent containing
coating would likely be damaged during the bending process. This damage could be

minimized by applying the coating only on one side of the microprojections, but this

reduces the total amount of drug loading by half.
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[072] The noted biologically active agents can al so be
in various forms, such as free bases, acids, charged

wo@roosnet12e ged nol ecul es, conponents of nol ecul BET/US2004/021076
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conpl exes or nonirritating, pharmacol ogically
acceptable salts. Further, sinple derivatives of the

\iﬁé%}i € T8d %petfgrr{dﬁrﬂgﬁla tgtblag(ﬁ ﬁjt r@@%@ﬁ% F_f;t?dﬁ's d48%m if&n‘f tﬂe' sheet after

are-easl yze enzynes,

C it Hppliedionay eﬁb h}[d@(?}ﬁﬂobﬂif‘t@atl@ maslbbwlbefire del apphcatlon of the
ef fective amount™ or "biologically effective rate”

s hadrophibic asat-capieningeoabng| ogi cal Iy active agent is a
pharmaceutical Iy active agent and refers to the anount

0 Lo*hj‘]f gfggtq {%Jas%gg&%ﬂy&%' 0GER Jﬁéefastw 1P@g Aty Qtr ﬁﬁ?&ﬁﬂeum into the

red therapeutic ene i cilal

r Qaddrt ylngT?ﬁde’#ﬁiﬁmlﬁyersJér ép@ddrmis Adefetmizipfeny bt dmnditl}fenetrate so deep
hydr ogel mul at1 ons and coatings of the invention
wes fo tgech the capilerybedsendessysg sienifcans blogdingq Typically, the

h I f.fe
¢ BRGBRIR P Ui R PR B Boodidip R NGO o abou
P58E hihe 8nd f)ﬂéfe‘iaﬁﬂ& b Y Maat VOO RhY UiRREAECRE tH SPatheorneum layer
particul ar bi ol ogi cal ly active agent being delivered,

t hétheiskin, thie a@ahtrwatagmng h@tmguednssq}veﬁlfbst lmlydbn@l (mtrmllular fluids

T

ag9tised INHRRICORIdcALLr s%t@m%t’h@raby ssues. [07 5] The
present invention provides a nethod for selectively

appl ying a hydrophilic agent-containing coating onto
t HE783kFre: pAatustraespmeteinbodingdnt af asiatoproofrsuni-piercing formed

o aisieelap artemsbe: | € o Bty bRkRherbor L honse
dg¥ion brehetheABMAD AR p llutéhgr g rﬁi‘éﬁﬂﬂ& Bctiohstl batl“hfe he

agent contai ning coating wuld Iikely be danaged

dufi¢roproj d@aomm:iextgl(batt(su‘mmtlalﬂy a0l amglg éroanalkltbeb®4 having openings
m nimzed by appl ying the coating only on one side_ of

t he Fatke @fsabeji@tepr phihie formedimicropriachionaray angpheg) 10 shown in Figs

h og By tl% OIH%G |*Pg&tg{jﬁt%8 by aPéa%ofrmL:&) g? Ltcﬁﬂlgomkﬁ{laﬁféﬁ ? Hlurahty of

e mi Croproj ections

sheabpwidcdond Iteframpd thitamhbtahsiett 1adivddiaghbinicrop@jdctigns 12 out
mask but before the appl | cation of the hydrophilic
agbnplaneaf tieshery Mekals figh ap otpinlessistechindrtgprivete pegred.

a t rpe N

i ﬁgf‘%%%g% ll?egleltrr]lgo g%lﬁégg falrﬁgsg aﬁg ?}IQCJOQFOI] &hioft éﬂ%kgic I%aﬁle dtnﬁt L should

dBé Thderdtay®toSinclogé n&%n%ﬂﬁtaﬁﬁﬁﬁbﬁt%taﬁlﬁs% seieend other metals. Metal
microprojection members and methods of making same are disclosed in Trautman et al,
U.S. Patent 6,083,196; Zuck, U.S. Patent 6,050,988; and Daddona et al., U.S. Patent

6,091,975, the disclosures of which are incorporated herein by reference.

[079] Other microprojection members that can be used with the present invention are
formed by etching silicon using silicon chip etching techniques or by molding plastic
using etched micro-molds. Silicon and plastic microprojection members are disclosed
in Godshall et al. U.S. Patent 5,879,326, the disclosures of which are incorporated

herein by reference.
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as to reach the capillary beds and cause significant
bl eedi ng. Typically, the m croprojections have a

wo ergobu7ehat al | ows skin penetration to a deptPCDUS20p4/021076
to about 500 mm and preferably up to about 400 nm
Upon pi ercing the stratum corneum | ayer of the skin,
h gent - o . o o
T E R FO e R opiechin B AL 1P e ite Rtfitproloctions 12
s iating & phainedcalogidatly aétivel agentbdomtedning coatingt 18: &he coating 18 may
thereof) and released_into the skin_for |ocal or
spattiahy er eoraplaisly cqvgy B MCEPPIIRCHOns (4t r at es one
enbodi ment of a stratum corneum piercing forned
mi p . \ .
© P R b A A o TRRDE A MRS AL Sl daring i

5 happlixgl Htepthermictdpyojettions d2 apy formed {(icnsstch2d) dtiebent out of the plane
m croprojections 12 extend at substantially a 90 angle
fpéﬁ¥§ﬂ§hﬁ%ﬂ414 havi ng openings 16. In the embodi ment
of the formed m croprojection array nenber 10 shown in
Fi | . . , .
ot B TR of 1 ol ARl L A o i e Fiokfgations o
f tignetehddhinsetie baler shemtrolldnddmdirhie thoh arep drhthe microprojections that

m croprojections 12 out of a plane of the sheet. ..
VetiH retaisl oy gaRi-contaming Sgmadation. dis pethad reavrss the application of 2

p I . L T . .
10 DA R SRR PSR e R o comin
URchedtsé bedpplizdi Mhkkedee twod gametal nidthicigite soditdl hewathis/hgdmphobic
steel and other netals. Metal mcroprojection nenbers
afeateipepRliedf naki ng same are di sclosed in Trautman

et al, US. Patent 6,083,196; Zuck, U S. Patent

6, , : . P ]

0% JEP s IE o BPRORP nRbroPhotic thafing BRLERE cfuSlord Sheet and
I gieprsenetvel] eadveChdBydroptbitidcajing foanthow dredsswiidrathe agent-
can be used with the present invention are formed b

15 erempwingsidatingis tade agpliad. iThsacwpyy can bapergmpdiched Wu%%ating the
b | di t i uUs) i cro- ol ds, :
QiR P ARG TADEyFIRRE A A Mo G acament i

dilisezhipsefbotiRe fHed6siahd ofthe BYdrophobic Ratiag theneBd %o B&femoved.
t he disclosures of which are | ncorporated herein by
r Seezusa dhe ygsutbobicdayer B applied iy acdaivelydhin layer as compared to the

T GRiS) Sl S0 ORI Ry Gy B bk RRR g iz e
20 CO98loPHOL:S 1aydFRitESR IS giaﬁﬁgmgy,hmideh@idgm&m. conpl etely

cover the m'croprojections 1 [081] I n accordance

with these prior art nethods, the agent-containing .
c @341 ndhlfesnatively, it is possible to use the technique of micro-contact stamping for

the removal of the desired areas of the hydrophobic layer. First the etched sheet is
completely coated with a hydrophobic layer. Then a micro-stamp, which corresponds
to the areas of the hydrophobic layer which need to be removed, is applied. After the
25  application of the micro-stamp, only areas of the etched sheet that are intended to be
coated with the hydrophilic agent-containing coating are not covered by the
hydrophobic coating mask. This results in a hydrophobic layer coating the etched sheet
everywhere but where the agent-containing formulation is to be applied. This technique

has been described in "Soft Lithography" by Younan Xi and George M. Whiteside, in
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applied after the mcroprojections 12 are forned
(i.e., etched) and bent out of the plane of netal

WG b@enor29 [ 082] The net hod of the present i nvRCIL/USW04/021076
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rel ates to applying surface nodifications to the
etched sheet in order to control and/or limt the area

o) h i r-0i i il - i . e .

S ReTaFRR 9985 ORI, il B nerin i ey by
apgrbicged.i on of a hydrophobic coating to the

m croprojection in areas where the agent-containing

coating is not to be applied. There_are two.general.

a0 A3t i glse gresible thass e P‘gowaﬁeg freoBiaEe 0 axl?gfﬁ-gﬁﬁnépmg to apply

a t p i

N U e N

S glietdtmap Yorresponds thhike gslto it the tigdiophaobit coatirghie tebe applied.
areas where the agent containing coating is to

aﬁﬂiﬁ 5@@@@@@@% %\?tcmhﬁ@ VEdl s pe P%@HW&VF% Pasgmetal
ﬁ gﬁ’%f'?ﬁiloﬁﬁg tP%;&Sgsea ba{e%%t@?%@%ﬁ%?ﬂl&e%aﬁ% rﬁ{ael al\@?ﬁtbcdn%ﬁ % coating.

aser treatnen vapori z
the regions of the hydrophobic coating the need to be

I €085 edin yEemathsLaltditativy @nthpi@ikne, d thire mdtisodippdlveda nmltistep
relatively thin | ayer as conpared to the underlying
nhetolithographicjedmigieartiligingdmask thaexpesss theaspas tg%r 355 to be coated
the .l as Q. V rd hydr ophobi ¢ | ayer wi t hout
agggkﬁgﬁéﬁ%ﬁ%mﬁﬁgfﬁﬁﬁgé ngg nmetal . [084]

Alternatively, it is possible to use the techni que of

M[E87)- Abiy ashodimamiufiig: hethod bethegmgreal inoéntiohds based upon several
areas of the hydrophogbic I a¥_er . First the etched sheet
i stepoppanplyng vainrsaesisis torthe tifapinmg prrsbvaiahfinely rasylip igthe

e L

appFige -7 AThe paitdef 18 ftantah ket tiat 46 @otibGiefedSdyathi3, coating have
only areas of the etched sheet that are intended to be

c dhetleade wictah cxppsedhy GhoPralistep ingaying an payeoup jydepkilia goating

ar.e_not.. caqvered by -th d hohi ¢ ati mask. Thi

- SR et sy PhIRF 250 AR TR Fibug lion avey
SRt the¥eporibey 6f theltheeh@heart A6t iAGRAET OB @attdN This results in only
formulation is to be applied. This technique has been

ddxdrargegtal portigos of thieshesg reigihing thy/corting dermulationd After the liquid

Geor ge Whi.t esi de,. i nAnn.. Rev. ter. Sci. 1998

280k IBEmIHTER 60 HOUR S ARy BAmNE: Shehn) Fitopd processes, the metal

eghdek RV tHBYnitRIpRSjERRs fdriRalhdrbiniafe Rdve CofteP i thb §}t)éci3ﬁc areas so

use the above-cited technique of mcro-stanping to

appended. Typically, the area chosen to be coated is an area near the more distal half of
the microprojection. Typically, the piercing edges of the microprojection are not coated
with the hydrophilic agent-containing coating so as to not interfere with the cutting

action of the piercing leading edges.

[088] Fig. 2 shows the metal microprojection array sheet 35, with the microprojections
36 etched or punched therein. Typically the etching or punching process results in the
formation of one or more openings 37 which extend all the way through the
microprojection array sheet 35. At this stage, the microprojection array sheet 35 is not

coated with any resists or layers.
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t he hydrophobic |layer directly to the bare netal of
the etched sheet, hi this case the mcro-stanp
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coating is to be applied. The remaining area of the
et ched sheet will not be coated and have the bare

m?[pgé]r et %Wslr}uci‘oﬁ)trcgj (Q:cglno?xal L ?g}geeg gg ?oﬁg& %t&%&?ﬁ:tc}rgﬁét layer 39.

al’miohﬁés@ﬂli}%f VT a@h@@b@ﬁpl@&m oved tliddntite swefdee df microprojection
i nvolves a nulti-step photolithographic technique

utartay shesy 38 mask that exposes the areas that are to be
coat ed by the agent-containing fornulation. [087] This

b;fgg(g] rf*g n4 ﬁfov&}s s@br}l%glngﬁn&sﬂ%ﬁ)gﬁlﬁgseﬁ fa'bf%ﬁ@(tl 't}%?elh SWhen mask

sever a steps varil ous resi st

t Qi0tib @al%ﬁﬂl@rﬁilswéﬂ %ﬁ@@ ofiicesprbjetigdl strayadedt3s, the tivk opemngs 42
titani um having a %ﬁsr ophobi ¢ coating covering nps

t hweillhetadighechos fhpeaf thesaredy Qfdhe mi@eprojecipyarrayshipet %@at ultlmately

| tani um she=t th I
F R e 5 LA B G Bt B ol RS il ypicatly
StiRRhé 8isBIPPbioAs offhe %ﬁ%@ﬂﬁ_edﬂ%ﬂﬁ o6 hhé Inethod @ff ikgpresent invention
fornmul ation to the sheet he hydrophoblc | ayer will

r eploivstforanyquercfshe wiaoprojecHomgrra @W&&ﬁd@@lmﬁﬁm@%ﬁd The

t he, sheet that are nded to be
- QBT B s KRAPEHAEPAF: TOY PRORES Y e | Sgpbination i
I €drhdRech {Tﬁt SR dsRes IS&%JB&H Rk Eﬁ&oreéfsf Riyert 3% arld @b ight source. The
coating formulation is dried, by one of any nunber of
c opedfit wamelengthointensigsand Inegthref expostisds easilyl deteamined by reference

B G Eh e R aontor 5 ol PiotoRaRt fleetah, odmay
ﬂ)htaﬁ)r&‘?&tlf}@r BS i nIEm s@ﬁﬂ%rdt A8y AR %&Wé&ﬁ'th@'aﬁea@fof photoresist

m croproj ection. Typically, the piercing edges of
t Heyeari3e tiog magre etrosal t@rleghhaire tolnger sefitbite inrthese standard solvents.
hydrophilic agent - cont ai ning coating so as to not
erc

| gég ]n gkIlg g@%sfrglga%gééétpo 2&%%\%{3 tg% @%t ores1stnlgyer 39 has been
PQ@H% ﬁ%ﬁ‘ﬂ BFuRh Bk F08RE ndsk 4%&%6@1&%’[1}7 having been removed.
oproj ections 36 etched or punched thefein.
Tymorsahﬂeys thhehakbeemegxmsedioright ag showo dsblacke suphgodxposed resist
the formati on of one or nore openings 37 which extend
alt-the way through the mcroprojection array sheet
35. At this stage, the microprojection array sheet 35
b ARl BYesi® Biyel 5o @bt ﬁﬁ)é%ﬁbée%% fédg 1ight can b
09 m cr ()Opr%r}lgleﬁ)lhon %Srrayés@eet 35 coat ed 1)0 ° % can be
p mamw washet alvay by t1xOuse ol stand 24 selvelta ysd teBmquesa ;ﬁ@lr thasliparticular

mpl et el y %ler the entire surfatce of croproj ection
embodlment this washing process results in bare metal over most of the

microprojection array sheet 35 (the exposed metal is shown as diagonally hatched in
Fig. 6). The areas of the microprojection array sheet 35 which were exposed to light
and which resulted in insoluble resist, are shown as horizontally hatched in Fig. 6 and

correspond to exposed photoresist 45, shown in Fig. 5.

[093] The next step, shown in Fig. 7, is to coat the microprojection array sheet 35 with
a hydrophobic second layer 49. This layer will coat the entire microprojection array

including those areas that are still coated by the exposed photoresist 45. This second
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array sheet 35. [090] Fig. 4 shows mask 40 havi ng mask
openi ngs 42 fabricated therein. Wen nmask 40 is
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35, the mask openings 42 will be aligned on top of the
areas of the nicroprojection array sheet 35 that

ult i nmat el I t N 49 b
ST BRSO, A R REORI ALy 4 can e

d'cS bseraqrftrieﬂeﬁ® aflidohe, ofiotted ol Ey Gmlsyda@hobfcemﬂmnhﬂod
the present i'nvention all ows for any area of the

mcroprOJ ection array sheet 35 to ultimtely

c 4894 d Then ghavemappnebiress AlsrpateA P ioasist aﬁﬁmrﬁhai? PR pidlizing 2

n%gec?%iggﬁf?}%tsa&ﬁ teé}%ﬂ{‘ue 4 %v1ﬁl %Bﬁhgi?% ';cﬁeze';eﬂ X se[Qf a%/kﬁ)%rg% e d that
fpertidngcrftth@@mraymgﬂyeroene@c fsd:dbnw&?a&ef emgfahcoxrem thaskposed
and | ength of exposure js easily determnned

r evheroemﬁé 4 ercepeApshaTmin liget, the ﬁlpﬁé spsuftdge rrer%r@pr%rcﬂpﬁ@rray

| g t’e Eégargg}oftggﬁgte El hﬁ/glsopgélgg serond ;@J& X9 R{%ﬁﬁﬁe@%gﬁgns of bare

t hh%%pﬁﬂieaﬁetﬂf Ath@rs Qfa@s irbthe mdfksd, AR stnlilaﬂler yeRichs e Ppes 8@ distal
to'light, are no | onger soluble in these standard

schdeof rslcrqmmq:tms@6 apd greosesnprised epthejeapesed medalodyhe
sist |layer 39 has been exposed

t hot
@l(lgfoﬁﬁ%e‘i}rwlc%r@ﬁ ﬁﬁg§§40 and mask 40 subsequently

havrng been renoved. Those areas that have been

exoese Q“Iﬁspsﬂeblgh r’bﬁ@re& hgivfoptdjedtiod Glead shazh 95 eaxnes bd exposed to
resist 45. e portions of photoresist |ayer 39

t hatagerawenmng>@emu@>tlpns dde hydrpplegic %f‘&ﬁn(b btyel‘a%q il limit the extent
t é’iﬁ?ﬁﬁlgﬁ%hlﬁg?nmﬁiﬂé 8?15938 65%?1%%88? : altqrilidﬂge microprojection

Vgh, BEkePBoCESS results in bare netal over nost of the
m croprojection array sheet 35 (the exposed netal is
shown as di agonally hatched in Fig. 6). The areas of

t he9ati Einspitlay @mnubﬁoeha%@ﬁee ldeied 0B thiinidropueiastien paaesheet 35, the

ht and which result |nsqubIe
S ResTan AP Atk fR oo Be bl s HEfhy PRseehR6d BB
t enigrepR§Ediopfot or esi st 45, shomn |n Fig. 5. [093] The
next Stép, shown in Fig. 7, is to coat the
m croproj ection array sheet 35 with a hydrophobic
s¢e¥Hd Ih alj easeg follatiing elxay%rfe of the treefad nti¢repesiedtion array sheet 35 to

m _cr o cti y i.ncl t hos that ar
ot PRt gt of e e B B BGH BaFich oD o tgrop ciections by
SQGADN A¥&ls. Fa %fh‘f&@edae?nly&l'iﬂqélﬁ%e Sk deVitbelif dfiédin afabient room
The hydrophobi c”second | ayer 49 can be
conditions. However, various temperatures and humidity levels can be used to dry the
coating solution onto the microprojections. Additionally, the devices can be heated,
lyophilized, freeze dried or similar techniques used to remove the water from the

coating.

[098] At this stage, it is possible to remove the hydrophobic second layer 49, leaving
only the agent-containing coating on the microprojections. However, there are
advantages to leaving the hydrophobic second layer 49 on the microprojection. Once
the microprojection array has been applied to the skin, hydrophobic second layer 49

will minimize the flow of interstitial fluid towards the base of the blade which tends to
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or hydrophobic material. [094] Then the remaining
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a special solvent and technique that will solubilize

t he exposed photoresist 45 and that portion of the

0 i ' A R 6P addhBthat i
o 55, B R 3pUR By BOEPRE AR rdthl W arbUEORagchbuhat i

f iaoahlly stsoltedisgstémivalty.opr oj ection array sheet 35
| argely coated wi th hydrophobic second | ayer 49 and

snmal | er regions_of bare hydrophjlic¢c netal., t.hj s, .
10850 T crren FEbpdiEmeniSIg s iy ndton; g ivesesity agriologisatly active
di | . of i 0r Q- ' . 26. i o
AL PSSP Q00 MRS 0B 150l
320urt09&]s. ik eafbpdiraddtythe aggnd hada positivepshajgecit itlenformulation pH
arra¥ sheet. 35 can now be _exposed to an . L
agahtheadsposityrPRgnEIBE rOVHET Ghcompyiseh I rad hapng atleag fyo acidic

| 3Kl SR s PRREAST s RGP i, s

MagOFItra¢dhid Addd) fambAy asitegtitadbd acill Oi%Ebnioefl, tdeglutol, mesaconic
formul ation has been dried onto Lhe_njcrgﬁrojectiqn .
areidysushiain acdb citramalicasidh tariranie acidy ¢ilxie acky trgprkallyhe aeid,

coating..of .t he agent ecisely.locate t o .
e spPomils a8 Rt Shant dbid, JRELER BY bifbagic wcid,sulfri
exeiasaidepdkpidiR dcfeat ed microprojection array sheet 35
to the coating fornulation, the coating fornulation is

dried onto the m cropro'!. ections by various neans, hi a

p @08 Acgtherbeaferrasramhadimensag digecid fo@evisepsify-prltpnring mixture of

g%&ﬁgﬁﬁ%%{ mr?clg \rt;i‘ge: ggegtgias gél_)%\é\lgl\gg rcP%r\g/ i %1t|y tﬁ? Eoeﬁnglgg;ﬁn%ﬁl LfPat least

S@hs!bf M8 comiteridiias Bh 6¢i0 Iﬂ.ﬁﬂhﬁ at led1 $wo Aélidid gloRalThy othidd @ounterion
devi ces can be heated, |yophilized, freeze dried or

siigat anid withione qumoragless. thxampies\od svitabloeaids intludembydrechloric

coating. ,[098] At this stage,.it.Jis possi.ble tg renmyv

C RaaE L sk ot Bfiringtid Balih gy Rt S benzene
agRIRdmi& Al AhBh A SPRhicRBid0Bitdd &1 SSEARIACRE Bl acid, gluconic
However, there are advantages to |eaving t he

hyeidoglhabbuicseicpladtic agiérmal®: asid, phrervin anid patgriscicids tartronic acid,

ce the.m croprojection ar.ray has. been applied.to the .
S%Pﬂ?n%%f&‘ﬁ? dﬂlﬁﬂ&fﬁc& » DEQPIORC PgQJen@mc ac1c{2 cax%%mc acid, matlomc acid,
adipic acid, citraconic acid, levulinic acid, glutaric acid, itaconic acid, meglutol,
mesaconic acid, citramalic acid, citric acid, aspartic acid, glutamic acid, tricarballylic

acid and ethylenediaminetetraacetic acid.

[0101] Generally, in the noted embodiments of the invention, the amount of counterion
should neutralize the charge of the biologically active agent. In such embodiments, the
counterion or the mixture of counterion is present in amounts necessary to neutralize
the charge present on the agent at the pH of the formulation. Excess of counterion (as
the free acid or as a salt) can be added to the peptide in order to control pH and to

provide adequate buffering capacity.

[0102] In one preferred embodiment, the agent has a positive charge and the counterion

is a viscosity-enhancing mixture of counterions chosen from the group of citric acid,
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anount of agent that is actually absorbed
system cally. [099] In certain enbodi ments of the
| 5 | £ X&d. Preferabl
e B, el able” ERRbAAorR acht MRRGER, andt &EKS K. Prefersbly,
enbanetchdre a@dﬂdﬂ@ tﬁ&fdrrh@lhﬁbn to dcitieve uvisebsionia. théiiange ef about 20
enbodi ment, the agent has a positive charge at the
f o2RIcAt i on pH and the viscosity-enhanci ng counterion
corrpr ises an acid having at |east two acidic pKas.
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car boni
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is directed o a vi scosi ty- enhanci ng m xture of

Cc PFIVES dashdaniiorasich taryenig geids anbidmaris@sidt i ve char ge at
the formul ation pH and at | east one of the counterions

| i ﬂ?lé%ﬁ 'agotﬁgrvﬂr&%rr% 8ﬁ1%8¢ ﬁnew\%ea&duﬂ{eﬁoﬁkﬁ'«? strcﬁgac?& h§t§ong acids

rron 1s
Ofcas Bé Hefied a@('g‘)!ré'é%ntllr[gcdt Ustet Wlblvv@f then &Bbl@t 2. Examples of such
hydrobrom c acid, nitric aci sulfuric acid, maleic

a@rids nmhwmydrqcblom agid, brdrobmemie adifl.oniitie fmd qulforie Aeidesulfuric
sul f.oni ¢ . aci. SUCCI i c acj

a @cr‘léi m& iC %crllt? é)hg rlc &F@Cﬁ%ﬁﬁle su‘;l fnd: ac a%ﬂtd rgletﬁ%rileds’u(ffomc acid.

mal i ¢ aci d, pyruwc acid, tartaric aC|d tartronic

agorhs] fAt{m{dr preféiréll erflRtiientds Hilect@d R MhitGre@FicBunterions wherein
pent anoi ¢ acid, carbonic acid, malonic acid, adipic

a6t east@ne ok therfiountgripa is 4 wxpngiagideand @i leastgingtof ihecoapieaion is a low
| ta%ﬂ]tyc a | d d megl ut oI nmesaconic acid, citramalic

ac’ CI d, aspartl c acid, glutam c acid,

tricarbal I yI ic acid and et hyl enedi ani net et raacet i ¢

agorh6] [Mhbdikk pfeFaesdéhbodimenttif ireRé e LnbeckieFabent&fions wherein

the i nvention, the anobunt of counterion should
né@blepstiong ef theeophisrige is strong amdcﬂné@t leastiope 9f theapunterion is a

agent . ..n .n nterion or

el e gt i SRRBH VSt s SR CutaRRe Bhratla gpyt one pica
t QighRebihadlabset X 4Rl Lhalkiae pBin€ RRvHr tl% 4bB8t SBENr aHoiliktepoint lower
pH of the formul ation. cess of counterion (as the

f tlesan aboirtl WY Cant Pams dixainplesiofsecheatiitsdnelude frstip epid; propiomic acid,

orp(ggtran&g agl an{i?he %{I_é and to

[0107] The acidic counterion is present in amounts necessary to neutralize the positive
charge present on the drug at the pH of the formulation. Excess of counterion (as the
free acid or as a salt) can be added to the drug in order to control pH and to provide
adequate buffering capacity.

[0108] In another embodiment of the invention, the coating formulation includes at
least one buffer. Examples of such buffers include ascorbic acid, citric acid, succinic

acid, glycolic acid, gluconic acid, glucuronic acid, lactic acid, malic acid, pyruvic acid,
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counterions chosen fromthe group of citric

acid,tartaric acid, malic acid, hydrochloric acid,

al "N orgrYoll . i - e, s aeid :
0 Sl i ElbloniP A Ml B fhateld I PR Rintroric apd, ricarballyti
ViagidPmialoyid atid, hdipicadd citfacahiowtid? flutar@fOacid) itab @O 3¢id) mesaconic
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matidi AgpaRRd adid,Hietheic 4ddRlwheur hihitenthegoRoi | i ng

poi nt hi gher than about 1700C at Patra. Exanples of

such acids include citric acid, succinic aci

d, .
g9 e ongerabodimgaion{ithe myprflong thecqpiing tormulagions etyde at least

aci Ay [ Vi i d, | o, s o

+ 3pf pufhed A B B e O U ERC i aed, BTA
prahfefedinarioidiaiitic atidpochesvadichiaavahgarsshcloagasacibit acid,
Strong acids can be defined as presenting at |east one
pkesthioniae, sofm assethatep andthgddkees of such aci ds i ncl ude
hydrochl oric acid, hydrobrom c acid, nitric acid,

sulf.oni o i . "y noaci :
SO b SR o RS BRTE Gt
[ QRO Blrfdnat RAticIDERS 8 Avitetsrio,diniphdtericscationie bxi8nicPortnonionic,
m xture of counterions wherein at | east one of_ the

c dnpeding, orithoyt Bmitetiem godismdaynamphogegiaty seshemsiodeqyd sulfate

c riop i.s..a | ow vagl atg byt k [ [ .
ASPRE P PatTipen Wt lsh WeStu B b it svigrige

O TRIRADY, BédzaMSn AL cBRioRida pdlRefatedRBcIPAs TWeerCHLAHET W 80, other
is a strong acid and at |l east one of the counterion is

a sowbitkn derivativies, Kudhi agisothatan daurate.and il tozylatesl algotiols gyudh as laureth-
caunteri ons present at |east one pKa higher than about

2'and a nelting point |ower than about 500C or a

boiling point |ower than about 1700C at Patm Exanpl es
of019ut i 2Girfer EMBbAUHRNAEEhE vafiich, tHY QRLAY FEmACdtibn includes at
pentanoi c acid and the |ike. [0107] The acidic _

c baast aneipolymericgnatsaaltoripalyanes that Sanarselyphiliy preperties, which can

R R R R IR L B
t WHEC%Q@dﬁ%&Ero@?lngﬁ%ﬁceﬁﬁhcgb t(}éﬁmdggeh%gsgqné@célmﬁow @),

in order to contr pH an provi
methylcellulose (MC), hydroxyethylmethylcellulose (HEMC), or ethylhydroxy-

ethylcellulose (EHEC), as well as pluronics.

[0112] In another embodiment, the coating formulation includes a hydrophilic polymer
selected from the following group: hydroxyethyl starch, dextran, poly(vinyl alcohol),
poly(ethylene oxide), poly(2-hydroxyethylmethacrylate), poly(n-vinyl pyrolidone),
polyethylene glycol and mixtures thereof , and like polymers.

[0113] In another embodiment of the invention, the coating formulation includes a
biocompatible carrier, which can comprise, without limitation, human albumin,

bioengineered human albumin, polyglutamic acid, polyaspartic acid, polyhistidine,
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i nclude ascorbic acid, citric acid, succinic acid,
gl ycolic acid, gluconic acid, glucuronic acid, lactic

ta %%%P%%l%glgs&lﬁ‘étied?olﬁéé‘n%g 'a81d§ aslugrots?rtfeﬁﬁloge zx‘fél%tgg% r%fﬁnose anq

agiadhydsel carbal l'ylic aC|d mal oni ¢ acid, adipic acid,
C|tracon|c aci d, glutaratlc acid, itaconic acid,
nmesaconi c acid, citramalic aci d di_nmet hyl ol propi oni ¢

aé@]dl“] 4R gratherembodinen).dhe peatingi frmylai tiap e dapiyzing agent,
%gcho ngclgfnp%% 13% E}ﬁglﬁtgfé%g lléltﬂé)rr'l'-r‘édlg:(fﬁgg Eg{f iatpgwasﬁcc aride or a

g kéﬂtl@fﬂg%ugﬂ Sulteﬁilélﬁdrﬂﬁdﬁémgfblxgaw o8 usdiartkemettods a8d cdrﬁposﬂmns
one enbodi nent of the invention, the coating

f of thelinvensins inakede, fu eamnpléa@wmﬁetr%tﬁlqsmt@amse maéﬁpose

a5 RS B AL 8Bl e

f §1RQudea dirGRAMPRANEMAR! il faRs, @56, Rhe idelifl, Suitable reducing
met hi oni ne, sodi um ascor bate, and the |iKke. [0110] In

omegassrfn diserarthe ofethode andh mmsetmnStOiﬁ ¢hedpwgritig include, for example,

o BB s PR o WL AT o WATPORT DRos FIHPE igse
n‘afglﬁﬂbé‘e filc0§d, Yelbrdfol, YhihbR3kk, thfhba hildke, SQ64d) Muctose, galactose,

| aut oanphoacetate, so un1dodecy| sul fate SDS)
c gtucbpy gubswhamauhlosc,u idese( OP@)osedagrtosel and thlkyl and disaccharides

ni um chl or C), .benzal k ni um
TSRS I B S TR OB S R e APt FEpoblose,
g@-&&&b@&edﬁ&oy@uc%ﬁése ﬁféﬁ@s@ﬁmﬁ@fo@é ts@ﬁhdréééf %@mﬁﬁge and the
al’koxyl ated al ¢ohol's,” such | 'aur ét h . [0111] hi
f like.her enbodi ment of the |nvent| on, the coati ng
fornulation includes at |east one polyneric material

h t h hi | ties, which .
R Bt o e T e Pepinedofr Ry e bictor
S%ﬁﬁb@&n%ﬁf Pesy, SHOuE Bl &S %Hﬁd%%ne cafaminol, cyclopentamine,
hydroxypropylnethylcellulose

hdoxyepmeppiree Epinephsiae b@@assm&ﬂ‘iﬂgﬂwelnhﬂ,l egieoimidodrine,
hydr.oxyet hyl net hyl cel |.ul ose ( HEMC
e AR aﬁ%%i@@@ﬁw eeﬁorha%%ﬂ?@ﬁf@@)nyg@th%?lpneaghenylephme

T

f It@mhydhezélﬁiel, ﬁmm@lmb,duplmﬂmhdptm e;trhadohﬂe amsdpressin,

dextran, P y(vi nyl, al cohol)
xylometazoline and the mixtures thereof. The most preferred vasoconstrictors include

epinephrine, naphazoline, tetrahydrozoline indanazoline, metizoline, tramazoline,

tymazoline, oxymetazoline and xylometazoline.

[0116] As will be appreciated by one having ordinary skill in the art, the addition of a
vasoconstrictor to the coating formulations and, hence, solid biocompatible coatings of
the invention is particularly useful to prevent bleeding that can occur following
application of the microprojection member or array and to prolong the

pharmacokinetics of the biologically active agent through reduction of the blood flow at
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and |ike polynmers. [0113] In another enbodi nent of the

i nvention, the coating formulation includes a
b't}?ﬁcog{l)gatltloql ete%%(ri rrc'a t1oﬁ/\'gf tﬁE aﬁs% t‘fo%%{é%ﬂﬂtﬂ@ §1&9§ﬂe into the
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sd%blﬂl;}é@ éﬂOtPQIleIHHOdIIﬁer& wétmem@ﬁaﬁadqhﬁeﬁ%ﬂngtfﬁ@n@aw ppgludes at -
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a non-reducr’ng sug

PREMSAE EFemtd @, FodidmT &ﬂ@k@dd),gzvﬁtteﬂémc Sorp@kide (e.g., amino ac1ds) and
non-reduci ng sugars for use in the methods and

c enphoeflammaeroigentsesiche h@ﬁamthaﬁme@dephqsmat@ disadipe salt,

oo graauiRht FaBugcy-DLBRK R Ruw Rl RO Rfnacetl &8 Brice

C QMRS btk OS2 10f>hdsbﬁate EliéS@lhh‘Dsraltl fethyfedri oA phate
dextran, sol uble starch, extrln and i nsulin.

Sdisodiviesalte medwﬂu@re@rugao@ Zlosucgineate rso‘ﬂln@l et pagethagpne disodium

COH&%’E@%@ 1S§B?>&1ﬁ 22\5;9161&%1%? é(ﬁd Ud r e%(aagrlg?an% such as citric

angli AR8R salty pas esodﬁh‘r?@i%te) Mékﬁﬁﬁsulﬁteﬂ#oﬁ%@ %@pmﬁ%@ $DTA.
quer CI t0| gul novose, rh almose, ose al trose

fructose, gal actose, gl ucose, gulose hamanel ose,

i o8] Immeptm@g’éqg erabedimseat ofdhelinypiatidn, ph@ coatiile formulation includes a
d| accharides.such as, for, exa ero

VR R Rt i B Res R 0 Srin, Beta-
geRtloabiARCGat Al Offodck L BluesSl- alﬂlhl(%%ﬁydeﬁﬁid Qiaﬁ§®l—a1pha—
sophorose, and turanose, and the Iike. 15]
aﬁ?ofclwdextenbgidcmhb¢ta{(]y910d@annrngalmﬂyh’aeta{(iwtodlemrinuhﬁkoaypmpyl

soco tricto i ch c e, ..t hout
| S B@%ﬂmﬁgw exh?;ry CripeeToRHRYL gamme-
¥88HBR P By @R B@t@ I@ycﬂﬁextfrﬁl MRISE 8L Cyclodextrin,

anazol 1 ne, mstl zolrne,” mdodrine, "naphaZzol I ne,
nsﬂﬂﬂﬂtﬂﬁhmeﬁphﬂcyﬂwkmﬂnnmﬁﬁﬂm@ﬂﬂhmﬂmﬂm@ﬂﬂm@mﬁmnend

oGH G xo oty HER e Spebili s e
t%ferlgeg'% NSIRUIE hy O RAREON 06y AT AN R AR ypropyl-beta-

i'ne, vasoép Xyl o azo Ine a
n(&thdeﬁnhhﬁdeﬂﬁﬁmﬁhﬁhaﬂ&ﬁ&p&&kﬁhx@ﬂ.vasoconstrlctors
i ncl ude epinephrine, naphazoline, tetrahydrozoline

[ nazol i ne, t| olin t.ramgzol i ne, | ..
?(9 161 TIn anothér em odlzment o?fhe 1nver1r11taion tile coating formulation includes at

least one non-aqueous solvent, such as ethanol, isopropanol, methanol, propanol,
butanol, propylene glycol, dimethysulfoxide, glycerin, N,N-dimethylformamide and
polyethylene glycol 400.

[0120] Preferably, the coating formulations have a viscosity less than approximately

500 centipoise and greater than 3 centipose.
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tymazol i ne, oxynetazoline and xyl ometazoline. [0116]
As will be appreciated by one having ordinary skill in

WO bas5a04729 t he additi on of a vasoconstrictor toPETES2004/021076

10

coating fornul ati ons and, hence, solid bioconpatible

coatings of the invention is particularly useful to

pi@&‘@g&n Qﬁeegrgf)&ﬂmg{ﬁa&f {EERAvARN tHeQhicRY¥s 8 AR Palble coating

0 m croproj ecti on nenber or array and to prolong

t helephtBan2s aliérony, intae pieférbielybliesd than t@idigrons tas weeasiged from the

t hrough reducti on of the blood flow atthe application

s eropypjection §etaesn of the absorption rate fromthe

skin site into the systemcirculation. [0117] In

a g . |2 . .

LT ThE BR e TP M ik Eys LR AR b ForER s, dpcluding the
magtplirad dosage whd, Henom voatmghickiess nedebeny td dativeathe dosage, the

osnotic agents (e.g., sodiumchloride), zwitterionic

c 9 $he( TICEOPIOjSFHGHS PSETIHE§rea Sﬁﬂleéfﬁ?qt> RVIsSsPRIR By

agent C ; | LM

o SRt S LB B a5 SRR A SRR

hydr ocortamat e hydrochl ori de, hydrocorti sone

2 1012130 Iyildatue debastinel fromshd spirin@idyebps efthissov@men, one of ordinary

211§hosphate di sodi um sal t, nmethyl prednjsol gne . .
skill car ks varieusdihgnges and madiicahprhindba B vaniiHiopdppt it to various

phos . predni -

R e e L
( eqiitablys @bl imRrelell tabe& withihe dierfuld ranige o tguisalehdenaf the following
aspirin and EDTA. [0118] In yet another enbodi nent of
t RIMKventi on, the coating fornulation includes a

sol ubi i si ng/ conpl exi ng agent, which can conprise

Al pha- Cycl odextrin, Beta- Cyclodextrin,
Gamma- Cycl odextrin, glucosyl -al pha-Cycl odextri n,

mal t osyl - al pha- Cycl odextri n,

gl ucosyl - bet a- Cycl odextri n,

mal t osyl - bet a- Cycl odextrin, hydroxypropyl

bet a- cycl odextrin, 2-hydroxypropyl -beta-Cycl odextrin,
2- hydr oxypr opyl - gamma- Cycl odextri n,

hydr oxyet hyl - bet a- Cycl odextri n,

nmet hyl - bet a- Cycl odextri n,

sul f obut yl et her - al pha-cycl odextri n,

sul f obut yl et her - bet a- cycl odextrin, and

sul f obut yl et her - gamma- cycl odextrin. Mst preferred

sol ubi |'i si ng/ conpl exi ng agents are beta-cycl odextrin,
hydr oxypropyl beta-cycl odextrin, 2-hydroxypropyl-beta-
Cycl odextrin and sul fobutyl ether7 beta-cycl odextrin.
[0119] hi another enbodi ment of the invention, the
coating formul ation includes at

74}
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| east one non-aqueous solvent, such as ethanol,
i sopropanol, nethanol, propanol, butanol, propylene

wa@kopsob4729di et hysul f oxi de, gl ycerin, PCT/US2004/021076
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N, N- di net hyl f or mam de and pol yet hyl ene gl ycol 400.

[0120] Preferably, the coating fornulations have a
viscosity |l ess than approxi mately 500 centi poi se and
greater than 3 centipose.[Oygé%HMﬁ one enbodi ment of

the invention, the thickness of the bioconpatible
co¥batayClaimediss t han 25 microns, nore preferably, |ess
than 10 m crons, as neasured fromthe m croprojection
surface. [0122] The desired coating thickness is

dependdant uporamdeetaldelivey déwce fondelivbring atbielogeglly active agent
dosage and, hence, coating thickness necessary to . .

d 6PIPEPIng geleas 988 StratiHComayE}-Pigredig Mprgoprojection, wherein said

m _cr ' [ r it . :
PE BRI Ah £0E AT Rot Dbt S thehotf FREL aud B Sesopd ggriion
ardtht Higyde@eilidepafiBg BeRpasiag edd bichlg’iadllf}Wctib@ bigent.

departing fromthe spirit and scope of this iInvention,

one of ordinary skill can make various changes and

nodi figatio t.o the.hpvention to adapt it t.0 varigus _ ..
usages2and dBRARTFEALCTRE T, bt rel BRond hgbBn KRiph O o dista
ﬁ@@ﬁﬁ%Qg%ﬁg@ﬁcﬁ?ﬁj&ﬁﬁﬂgr|y, equi tably, and intended to

be, within the full range of equival ence of the

follow ng clainms. CLAIMS What is Clainmed is: 1. A

transder mal . del.i ver vice for.deljvering.a. .

b1 ol ogrcal | PageViseveGRR o ahF IR o gisgtion frgonfigured to
S blcaddtftcu@h MR HaRing C&inBam Th & 'deprh Aif &k HRR ab¥ikeI0dl Micedthélers.
m croproj éction has a first portion with a hydrophobic
coating and a second portion with a hydrophilic

coating co i sing said.biologically active ent. 2.
The dedi co e arafesEClimdy uhirebud wittmpesBit e Gaeth oftess
C B{IR b8 &S5 08 r?ﬂc%&lﬁéterg Qhd b AR cIfesSEH 1ssThed SRAPLS BlibRheteds.

)
The device o aim1, wherein sald mcroprojection Is

configured to pierce through the stratumcorneumto a
depth qof less than apout 500 mi cronpters. 4. The )
dovi cedof GEP fpvice 9#@13&1 A gfa?ramﬁaglaﬁfrw%q FQAHng has g thickness
b &f leésecﬁ?Cn ﬁl@%cﬁ%ygf 9P 1&@1‘%1’81}:@&&{.3 and a
ess than % cro

t hi ckness of about met er s.

6. The device of Claim 1, wherein said stratum corneum-piercing
microprojection is formed by etching said microprotrusion from a thin sheet and folding

said microprojection out of a plane of the sheet.

7. The device of Claim 6, wherein said thin sheet comprises a metallic
material.
8. The device of Claim 7, wherein said metallic material is selected from

the group consisting of stainless steel, titanium and nickel titanium alloys.
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5. The device of Caim4, wherein said hydrophilic
coating has a thickness equal to or less than the

wa hioskeuses of said microprojection. 6. The devPCEUS$004/021076
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Caim1l, wherein said stratum corneum pi ercing

m croprojection is formed by etching said

m cropgotrusion fro | di '

mcr op?oj ec? |ho§ 0t 5'13 aggg{lvgﬁée}g%fsa?ﬂ%eﬁﬁsq%lg&#%ﬂ] the group

dedsggingof goanﬁhsmnoﬂmmm I®ainené (GMRBagowitoigmone sclease
nmetallic material. 8. The device of daim7, wherein

sﬁactprrﬁﬁﬁaﬁ); ipsutigs, énsplitopins caleitenin.captieplits, @h@r@hléuﬁm\f NT-36

I
¢ REER T oy L@ o Rt Rl bR R B S hinaigo)
aﬁﬁfé&m‘ PitSeIrP hb@ebnks Q. tHG}H; ng geEpsdskinGicetatey ém)'ytfhlhcle
hor none” r el ease hor none grovvth hor none rel ea

f butecods, QAR growth Sagtors sud lgrwtbpfaﬁor edgasing dagter, (GFRF) bMSH

g&ﬁ (esgltylla g’g%%%%g%ﬁ ;ﬁow#\(%tropm p?atélgtbferlqv%g | S Factor releasing
¢ ?d'cﬁﬂné’s?)ha binBieS bied 1|1=1 TR &f’}rﬂlc%[?am | dhiBTeR$dtBkinin, chorionic

pl1 t UI 1or m)nes esm)pr essi n
agmadbarpplax m‘)lthrcﬁm)hettlm b}@}irtu&t@mil Qslatebmggre@ﬂomﬁnblm @leagon,

XK IR el N .
PhAL Rk ris Ok drie a?mglr 0t N of, %P}Itfﬁrop{)t%hﬁ POy gtARARKte macrophage

aspar agi nase, eomyci n sulfate, chynopapai n,
c bcdb&}b ytﬂhm]latmg factor GM-CRFY; ggmm;kmyter@;hmy stimulating factor (G-CSF),

th
K}p o e&ujén egﬁgrrl Y eagﬁlg (:Irm gﬁi%—g%rﬁogs (such as

S B oo

( GR6Jollitgapdn (I SIT)nd [HR,roxylvede stejtolipasss tissub giasmglo gen activator,
factor (Gw CSF), 8ranu| ocyt e_col o?y stinmulatin ct or

(go@gpafe Vg g En deqnpne |[Yﬁ1 4; Refr1g§ ﬁl‘(gﬁ'gnq ‘éqsgg@p‘q%@, esmopressin,
| eupr@? I%}TEBE%H& iR gggt(l)c&%‘é 3??%“" EANP cdearance

napiisitons, iafgioreReiatr amagaﬁus(cs; mﬁmhieltlt: mopnasne( dgBhistsabehdykinn
LH)), oxytocin, streptokinase, tissue plasnino
agnipgenis, cerpdate RELe calpienp reRsToHRtcRRIA 6C ﬁ&g&@nkephalms FAB

g@é‘%g%tf &pi P%?%éf‘%?l%g%gﬁ,ﬁ} i éﬂglglggg}glﬁg ?Ac@ori{ C:.ﬁl_?ny stimulating
( facksts, pafiRroMBrmbeesA p@nistbirkihgfdid hemgirmetRtgonists,

antagoni sts, antidiuretic hornone agoni sts, bradykinn
apea 1éhgnn@@r(BaHéﬁPTI¢gnalggs sish e PEH; (A-fdrwostaglandi

aﬁ)tagomstg % %étlde prg{él abl protem § renin inhibitors, thymosin alpha-1,
thrombolytics, TNF, vasopressin antagonists analogs, alpha-1 antitrypsin

(recombinant), and TGF-beta.

10.  The device of Claim 1, wherein said hydrophobic coating is disposed on

a portion of said microprojection having been washed free of unexposed photoresist.

11.  The device of Claim 10, wherein said hydrophilic coating is disposed on
a portion of said microprojection having been washed free of solubilized exposed

photoresist.
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fragnents, |gE peptide suppressors, |1G-1,
neur otrophic factors, colony stinulating factors,

w@aranwreoi d hor none and agoni sts, parat hyr oi dPEIDUSINE021076
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ant agoni sts, parathyroid hornmone (PTH), PTH anal ogs

such as PTH (1-34), prostaglandi n antagoni sts,

pentigetide, protein C, protein S, renin inhibitors,

t hynosi n al pha-1, thronbolytics, TNF, vasopressin

ant agonpst s Thedkwigs of @laphd; Whewetn taid/jogirophilic coating further includes
(reconbi nant), and TG--beta. 10. The device of Caim

1 VisgpratyenhancagcawterioBhobi ¢ coating i s di sposed on a

Pree of*unch b SeERECEALT, b OR ANl A BRER, ARG Fyrher ncludes

1Qn addsi@nf sai d hydrophilic coating is disposed on a
portion of said m croprojection having been washed
free of solubilized exposed photoresist.12. The device

of d aiég) \1“ gﬂg?gﬁég 8?1 ﬁiagm qy%gﬁﬁ{ %a%cfh}ﬁﬂ ﬂiifggé#@g}ﬁﬁhﬂ includes

i ncl ud | anci'hg counterions.

d@ﬂbﬁ@h@hﬂgﬂyﬂ]&, wherein said hydrophilic coating
further includes an antioxidant. 14. The devi ce of
Claim1, wherein said hydrophilic coating further

iCIng: umdig \?\E@gﬁ%‘l’lg‘g{aé&%}ﬁﬁl()%’ﬁ%ﬁ%}%slagdo%%#e q %'F?Ceﬁlél fﬁn‘ther includes

I gehMsiesita surfactant. 16. The device of Caiml1,
wherei n said hydrophilic coating further includes a
hydrophilic polynmer. 17. The device of Caim1l,

bi ocombG | bitbeBarer o clet 17 Fher L BrpiiGr TR therincludes
V‘Q%Z&tioﬁhﬁi%ip‘élﬁyéiir ophilic coating further includes a

stabilizing agent. 19. The device of Claim1l, wherein
said hydrophilic coating further includes a

vasoconstri ¢t or,. .20. e devj ce,. of . i m.1.. wherei.n .
sai d hydr op&ﬁir* deviesat &ﬁﬁngu}”hﬁrg}n qq@xﬁg@nhc Coating further includes

a biocompatible carrier.

18.  The device of Claim 1, wherein said hydrophilic coating further includes

a stabilizing agent.

19.  The device of Claim 1, wherein said hydrophilic coating further includes

a vasoconstrictor.

20.  The device of Claim 1, wherein said hydrophilic coating further includes

a pathway patency modulator.

21.  The device of Claim 1, wherein said hydrophilic coating further includes

a solubilising/complexing agent.

22.  The device of Claim 1, wherein said hydrophilic coating has a viscosity

less than about 500 centipoise.
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a pat hway patency nodul ator. 21. The device of C aim
1, wherein said hydrophilic coating further includes a

w@od0akd47esi ng/ conpl exi ng agent. 22. The devi cePOf/USI084/601076
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1, wherein said hydrophilic coating has a viscosity

| ess than about 500 centi poi se.23. The device of Caim

1, further conprising nultiple mcroprojections having
sai d hydrophobi c coating and said hydrophilic coating.

24. The3deviThe deficEbHChim 3, further edmprisimgimudtipiie mli@oprojections
m crooprqj _ections have a density of, at | east about 10
nheYiBg paifl Bydrophebie peatingand syd ha%w@éw &P m 24,

wher ei g sai ! bCF ' ' have. is

of - abott” 200mE5Hb0 b EC R 23 E Bl FE BB A HGREGL have o
f @énshtgioffiaiigas abeutil0anicrupréjeaivmeeninl | y delivering a
bi ol ogically active agent conprising the steps of:
form ng at | east one stratum corneum piercing

m Ccr opkrgj ectr I | f 14l . s

2 hydr phonissgiPs BeCRlA 27 ket ssl b iR michARbitbAbhs have
Mdensap o hlssitt 200 - 2.ammma<pa;bm{daao@/c_hxfdr ophi I'i ¢ coating
conprising said biologically active agent to a second
portion of said mcroprojection. 27. The nethod of

Caim326, fyrther comprisingthe.step of ndi ai_d
i er optd] ect BRI TP B R 5 ERsymall gL frbrR
s bRedgi@lyQctivPilert ansradink Y dleppbpbi ¢ coating. 28. The
met hod of Claim 26, wherein the step of form ng said

m cr opfajnéeg atdeast enswfabyn eonpvmrhieimggnisiapreierisinsiniathin sheet of

of ftc i ng and punching. 29. The nethod of C ai m 26,
\/\W@e&a the step of forming said mcroprojection
conpri gesyiah ahyBbphbic cdittoTBllTRet ktidd &¥f 90 PRicrdptbieBén; and
conprising the step of renoving a hydrophobic coatlng
f r om sapplyingedyydropbilicicoating cangirthing sardipolygicatly iachve agent to a
nmenber before appl.ying.said hydrophilic coating. 31.
Tﬁ@“ﬁé?ﬂ‘%ﬂnﬁs‘%ﬁgpﬁﬁoﬁg’?ewgr ein the step of renoving a
hydr ophobi c
27. The method of Claim 26, further comprising the step of bending said
microprojection out of a plane formed by said thin sheet after applying said

hydrophobic coating.

28.  The method of Claim 26, wherein the step of forming said

microprojection is selected from the group consisting of etching and punching.

- 29.  The method of Claim 26, wherein the step of forming said

microprojection comprises etching.
30.  The method of Claim 26, further comprising the step of removing a

hydrophobic coating from said second portion of said microprojection member before

applying said hydrophilic coating.
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coating fromsaid second portion of said
m croproj ecti on nenber conprises vaporizing said

whyasopttebi ¢ coating with radiation. 32. The netTos2004/021076
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Cl aim 30, wherein the step of renoving a hydrophobic
coating fromsaid second portion of said

T Cr OPB0] eCk O ARSI SR AR ARG GS0Y o tydrophobie

second portion w a m cro-st

Ch@utiNg 3dm Y€ Eond bb@ios tof Bai@ migpptojédiignandiyishr ephphises vaporizing
coat i n(g to a first portion of sald m croprojection

cemp hydrephobivenating wa#h rgdigtier-opr oj ecti on with

phot or gsi st ;.. maski i.d . ti ) i :

m cr op? %j ecﬂl%ﬁ]feﬁ’é@g)gzﬁ?‘}al 2@?@%%112?{066 lgegﬁrbefg%ﬁllgﬁlhgg hydrophobic

I gshitak ifdm sal@sdtond pbition e s£d il bbRjefios tmdnikuNceipdses contacting
first "portion of said mcroprojection nmenber; applying

ssdidi s¢ppud ppittiobivdthcomidragtanyp.sai d first and second

portions of said mcroprojection; solubilizing exposed

phot oresi st on said second portion of said

M cr ops®j ecirhORetiRAb L\ @Sk ﬂg viRtdin 8R! svéfy dfi ap PR PRFREphobic
photoresi st from said second portion of said
nteatingtop dictt iportion34 saidmeicraprdjodtionfcodipaises: 26, wher ei n

the step of applying.a hydrgphobic .coating to a first
portio aé@%@ﬁ@ﬁ%?%ﬁ?@%é@%?ﬂh&%@ﬂﬁ?i ses contacting

sai d T hf,§linP il 5QdnWpbAioR JFls&i iiie tRa: A met hod

for for r%a%rglj@aldevi ggdpf or trgnsdelrltr?gﬁjglc defivering a

bi ol ogexpmising saidtrhiceopagiectiondtompdiatsomg t he steps of :

provi di ng .a devi ce having.at. | east .one m crqpr.qj ection .
Cont | GHASHNS BhaPaTC OISR v G BOIOn Sh B g Thigrogojection
PhREMEESi st to said device; masking said device so

that a’first portion of said microprojection is

cover eapplying said hydrophobic coating to said first and second portions of said

microprojection;

solubilizing exposed photoresist on said second portion of said microprojection;
and

washing said solubilized exposed photoresist from said second portion of said

microprojection.

34.  The method of Claim 26, wherein the step of applying a hydrophobic
coating to a first portion of said microprojection comprises contacting said first portion

with a micro-stamp.

35. A method for forming a device for transdermally delivering a
biologically active agent comprising the steps of:

providing a device having at least one microprojection configured to pierce the
stratum corneum;

applying a photoresist to said device;

masking said device so that a first portion of said microprojection is covered

and a second portion of said microprojection is exposed;
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and a second portion of said mcroprojection is
exposed; exposi ng sai d nasked device to radiation;

worekiong2uanexposed photoresist fromsaid firstP@EDUS1004021076

10

15

20

25

30

of said mcroprojection; applying a hydrophobic
coating to said first and second portions of said

m cr opr.Q | sed phot oresi st on
said sec%(?sgﬁép ﬁngér?eakaeb ‘?'F%&go gl i zed phot oresi st

from sataghing Qﬁéb(j)opﬂf phoderesist fr@noaid fﬁalptbrtitydmfcqaimhlcmoprq ection;
coating fromsaid second portion; and applying.a

hydr opﬁppla/@g@dmdrcrpéwbl@&ﬁm@ tRgafirg amdseeRsideartigns of said

a to said second portion of said
n§@5%§“’?§@%1 36. A transdernmal delivery device for

del i ve@blnglhanigl dib@@dqﬁbtok‘esﬁmbh‘ﬂ@ldaﬁcﬁmﬂmﬁﬂimfi sing a

m croprojection array of a gl uralij ty of stratum

cor neumﬂﬁliﬂég é@lﬁbﬂlﬁ%ﬂ@ﬂiﬁfﬁf forgsaid sepraddiontion toremeye gaid
PRIl cSAG0 Rl S84 b G paRR 6 | on has @

1 %05 g conpri bi ol ogi cal |y
activeg o a&fiﬁr hilfer dok @cfm}&ﬁinﬁ’g sy biotodiaslyactive agent to said
hydr oph?%?ici:}l coat |0%g 37 ﬁ% evice of Claim g
wﬁ@pédpoﬁﬁmdfp@dmméﬁmﬁﬂﬂémmh of said n1cropr01ect|ons
conprises a distal portion of each of said
m croprojections. 38. The device of C aim 36, wherein
sai d pggt i on ebneRERaIfeliSay detics FHIcR)&ld PBiSlogically active agent
conprises substantially the entire n1cropr01ect|on
3gommhignglewicieprsiectoniarreef 2 phiealisy of geatum comeum-piercing
m croprojections are .configyred to rce through.th
SR PRiAeaP T OTFE & EpRoHIo L et PER IS Praggons has o
Mh$dr8pmLie toatintQom ‘é‘m%%ﬂl'd%ol@ ic ﬁé@v@@geﬂ%‘&ﬁﬁ ﬁ'pBrtﬁﬁi' cﬁ" said
m cr oproj ecti ons have a length of” | ess Than about
milevionetserhydaypdiobictchatingiess of | ess t han about 25
m croneters. 41. The device of C aim40, wherein said
hydrophilic coating has a thickness equal to or |ess
than the thirgkngess. &f crmhde 'Qvﬁér@iﬁ dgfo'ﬁ'i&ﬁéfe‘ﬁgh of Bfd
devi ce of Clalm 36, wherein said tum
colcrepnmyquiienscéomgprises 2 distad petion o saaircef shigrmiecbdoyjections.
etching said mcroprotrusion froma thin sheet and
fol ding said mcroprojections out of a plane of the
sheet. 3¢3. fhe dgﬁc\fé &ﬁjllg Im %,%ﬁ@réiﬁ’sam?@dfoise%bﬁ of &
sheet conpri ses I C
microprojections compnses substantially the entire microprojection.

39.  The device of Claim 36, wherein said microprojections are configured to

pierce through the stratum corneum to a depth of less than about 500 micrometets.

40.  The device of Claim 36, wherein said microprojections have a length of

less than about 500 micrometers and a thickness of less than about 25 micrometers.

41.  The device of Claim 40, wherein said hydrophilic coating has a

thickness equal to or less than the thickness of said microprojections.
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material. 44. The device of O aim43, wherein said
metallic material is selected fromthe group

weonsiost’eng of stainless steel, titanium and nPCREE2004/021076
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titanium alloys. 45. The device of Caim 36, wherein
said agent is selected fromthe group consisting of
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46. The device of O aim 36, wherein said hydrophobic
coating is disposed on a |ayer of photoresist. 47. The
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i s disposed on a portion of said mcroprojection
havi ng been washed free of solubilized exposed
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50.  The device of Claim 36, wherein said hydrophilic coating further
includes an amphiphilic polymer.

51.  The device of Claim 36, wherein said hydrophilic coating further

includes a surfactant.

52.  The device of Claim 36, wherein said hydrophilic coating further
includes a hydrophilic polymer.

53.  The device of Claim 36, wherein said hydrophilic coating further
includes a biocompatible carrier.
54,  The device of Claim 36, wherein said hydrophilic coating further

includes a stabilizing agent.

55.  The device of Claim 36, wherein said hydrophilic coating further

includes a vasoconstrictor.
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density of at |east about 10 microprojections/cn2. 60.
The device of Claim 36, wherein said mcroprojection

w@ewapo412s a density of about 200 - 2000 PCT/US2004/021076

m croprojections/cn .

56.  The device of Claim 36, wherein said hydrophilic coating further

includes a pathway patency modulator.

57.  The device of Claim 36, wherein said hydrophilic coating further

includes a solubilising/complexing agent.

58.  The device of Claim 36, wherein said hydrophilic has a viscosity less

than about 500 centipoise.

59.  The device of Claim 36, wherein said microprojection array has a

density of at least about 10 microprojections/cm?2.

60.  The device of Claim 36, wherein said microprojection array has a

density of about 200 - 2000 microprojections/cm2.
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